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PREFACE.

Thk poffibiiity of making cloths of gold,

fiver, and other metals, by chymical pro-

cedes, occurred to me in the year 1780: the

project being mentioned to Doftor Fulhame,
and fome friends, was deemed improbable.
However, after, fome time, I had the fatis-

faftion of realizing the idea, in fqme degree,

by experiment.

Animated by this fmall fuccefs, I have,
from time to time, ever fince, profecuted the
iubjedl as far as pecuniary circumftances
would permit.

I imagined in the beginning, that a few
experiments would determine the problem

;

but experience foon convinced me, that a
very great number indeed were neceflary, be-
fore fuch an .art could be brought to any to-
lerable degree of perfedliou.

A narration of the numerous experiments,
which I made with this view, would far ex-

A 2 ceed



IV PREFACE.
ceed the bounds, I prefcribe myfelf in this

eflay
; I fhall therefore prefent the reader only'

with a few, fele£ting fuch as I judge moft in-

terefting, and bed: adapted to illuftrate the
iubjecl.

Though I was, after fome confiderable

time, able to make fmall bits of cloth of
gold, and filver, yet 1 did not think them
worthy of public attention

; but by perfe-

vering, I at length fucceeded in making pieces

of gold cloth, as large as my finances would
admit.

Some time after this period, I found the
invention was applicable to painting, and
would alfo contribute to facilitate the ftudy
of geography : for I have applied it to fome
maps, the rivers of which I reprefented in

lilver, and the cities in gold. The rivers ap-

pearing, as it were, in lilver ftreams, have a

moft pleading effect on the fight, and relieve

the eye of that painful fearch for the courfe,

and origin, of rivers, the minuted; branches of
which can be Iplendidly reprefented in this

way.
Notwithftanding this further fuccefs, I was

dubious about the propriety of publifhing this

Eftay
; I therefore fhewed fome fpecimens of

thefe metallic fluffs tdperfons, whom I thought
qualified to judge of them : fome approved of

them very much, and were pleated to fay,

that the invention would make an era in the

arts
;
others thought it a pretty conceit ;

and

others were of opinion, that the fluffs had

not
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not that fplendour, or burnifhed appearance,

which could entitle them to public notice.

The latter opinion had much weight with

me ; for it mud be allowed, that the fpeci-

mens, which I (hewed them, had not that

luftre and polifh, neceffiiry for fhoulder-knots,

lace, fpangies, gold muflins, &c. ; that fome
of them had a reddifh caff, bordering on the

colour of copper, fame a purple, mixed with
gold ; and that fome of them were unequal

in the die, and feemed Rained ; which im-
perfections were owing to a partial reduction

of the metal in the fibres of the filk.

But all thefe imperfections, except the
want of that burnifhed luftre fo neceffary for

gold lace, fpangies, &c. I knew I could re-

medy
; and therefore the criticifm, as far as

it relates to them, had no great influence with
me.

I am in poffeffion of fome pieces, one of
which is about a yard in length, which have
fcarce any of thefe imperfections.

Moreover, that high polifin of burnifhed
gold, fo neceflary in fpangies, lace, &c.,
would, in my opinion, be a great imperfec-
tion in gold fluffs defigned for whole fuits ; as
a perfon in fuch a habit, would look like a
gilded flatue.

I faw a piece of gold fluff made for the late

King of Spain, which was ofa purple colour,
with gold wire fhining through it, though
rather obfcurely

; and it was much admired :

I was fo (truck with its beauty, that I at-

tempted
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tempted to imitate it on a fmall bit of white
filk

;
and lucceeded, having produced a beau-

tiful purple colour, with gold beaming through
it.

Therefore, the want of that burnifhed ap-
pearance is no objection to this art ; for the
paler, and cooler, to a certain degree, the co-
lour of the gold is, the more lovely do thefe
metallic cloths appear.

I made fmall bits of gold tiffany, which
looked exceedingly beautiful

; the finenefs of
the thread cont ributing much to that effedt ;

and, in my opinion, fuch webs are inimitable

by mechanical means.
Befide, though I am net able to make

cloths like burnifhed gold, others of greater

means and abilities may ; for we cannot pre-

tend topreferibe any limits to the perfedtion,

<at which chymifhy,. and the arts, may ar-

rive.

However, I mu if acknowledge, that this

unfavourable judgement fufpsnded my inten-

tion of publiihing this little work, until a ce-

lebrated philofopher happening, fome time in

October 1793, to fee fome of the fame pieces,

and indeed, fome of the wonf, viewed the

,

performance in a my different light.

This ill u firious friend of lcience not only
approved of the fpecimens fhewn him, but
offered to have a memoir on the fubjedt pre-

fentexl to the Royal Society : but different in-

cidents diffuaded me from that mode of pub-
lication, and induced me to adopt theprclent.

2 now



PREFACE. * *>

Vll

T now no longer hefttated about the pro-

priety of publishing ; for, every thing confi-

dered, I judged, that though this art could

never be eftablifhe'd, which is by no means
my opinion, yet the experiments themfelves,

upon which 1 attempted to found it, as they
are new, and feern to throw fome light on
the theory of combuftion, are not unworthy
the attention of Chymifts.

Thofe who viewed my performance with
a favourable eye, were, of opinion, that I

fhouid dedicate this Eflay to fome patron of
the arts ; or apply for his Majefty’s Royal

in order to reimburle the ex-
pence neceflarily incurred in this invefliga-
tion, an expence fo difproportionate to the
fortune which fupported it, that nothing but
a ceitain fatality, and the hope of reward,
could induce me to perfevere.

As to patrons, I have heard of fuch beings
on toe recoid of fame

; but never faw one i

on the contrary, it has been my lot to know
of many, whole malignant breath, as far as
its deaoly influence can extend, never ceafes
to blafr the unfheltered blolToms of fcience.

—

And as for a patent, had I even the means, I
mould perhaps never attempt it

; for if we
j
u
|%e Ae future by the paft, I can

a e y altirm, that fuch an application would
be vain.

.

Thus circumftanced, I publifh this Elfliy
in its prefent imperfect Rate, in order to pre-
vent t ie fuiacj.ous attempts ol the prowling

plagiary,
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plagiary, and die infidious pretender to chy-

miftry, from arrogating to themfelves, and

affuming my invention, in plundering filence

:

for there are thofe, who, if they can not by

chymical, never fail by ftratagem, and me-
chanical means, to deprive induftry of the

fruits, and fame, of her labours.

But the Britifh empire fhould not forget,

that fhe owes her power and greatnefs to com-

merce ;
that fhe is, as it were, the hive of the

arts, and fhould not, by the fulphureous va-

pour of opprefiion, and negleCt, compel her

bees to fwarm for protection to foreign climes,

but rather permit them to roam in their na-

tive foil, and allow them, in the winter of

life, to fip a little of the honey of their own
induftry.

The nation, whofe evil genius withholds

this protection, only founds the trumpet of

emigration ;
and muff ere long lament her

cities deferted, her fields brown with def-

lation, and herfelf the eaiy prey, and vile

‘drudge of furrounding greatnefs.

1 tirft imagined, that the proper title of this

performance, fhould be, an Elfay on the Art

of making Cloths of Gold, Silver, and other

Metals, by chymical procefles ;
but reflect-

ing on the imperfeCt Rate of the art, and that

my experiments related not only to the reduc-

tion, but alfo to the calcination of metals,

and other combuftible bodies, I determined

to entitle it, An Effay on Combuftion, with

a view to a new Art of Dying and Painting,

which
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which includes every thing the experiments

can extend to.

As to the Ryle, I have endeavoured to re-

late the experiments in a plain and fimple

manner, aiming more at perfpicuity, than

elegance.

I have adopted the French Nomenclature,

as the terms of it are fo framed, as to prevent

circumlocution, affift the memory, by point-

ing out the combination, and Rate of the

elements exifting in each compound, as far

as they are known ; advantages to be found
in no other Nomenclature.

However, the Englifh reader muft regret,

that the French chymifts have not preferred

the terms air
, and ammonia , to the lefs har-

monious founds, gas, and ammoniac. I took
the liberty of writing the latter ammonia.

I have not related my experiments in the
order, in which they were made, fenfible

that fuch a nafra tion would be tedious, and
that a fhort extract from them would anfwer
every purpofe at prefent intended.

The experiments related I have endeavour-
ed to arrange in fuch a manner, as mutually
to illuftrate each other, by contrafting the
fuccefsful with thofe, that failed, thus point-
ing out a general principle, which forms a
chain through the whole, connects all the ex-
periments, fhows their points of coincidence,
and difagreement, and by this means furnifhes
us with data

, by which, I hope, the art may
be improved.

This
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This arrangement alfo facilitates the pern-

fal, and relieves the mind of that fatiguing at-

tention, which mud neceflarily be given to

an indigeded mafs of infulated experiments,
that have no clew to conned; them, but has,

on the other hand, its difadvantages ; for it

throws a famenefs on the work, incompatible

with that variety which is often fo agreeable.

My apparatus confided chiefly of a few
glafs veflels- for the folution of metals, and
thejforrnation of fuch eladic fluids, as I uled.

The cheaped, and the mod Ample of thofe

defcribed by Dr. Priedley anfwered my pur-

pofe.

Dr. Nooth’s machine for combining car-

bonic acid with water, is very convenient for

making fmall experiments with fome kinds of

gas ; as the bafe of that machine ferves to

contain the materials, from which the gas is

obtained
;
and the middle glafs the doth pre-

vioufly dipped in the metallic folution, on
which the experiment is to be made.

The cloth may be fufpended in this part of

the machine, by means of a thread, and a

cork.

As this machine is ufeful only in experi-

ments on a very fmall fcale, I fometimes

ufed tall glafs cylinders, in which I lulpended

the fubjed of the experiment, by me*ans of a

thread, a cork, and a bit of cement.

This cylinder I placed over a vefiel contain-

ing the materials, which produced the gas.

It



PREFACE. XI

It is very convenient to have cylinders of

different fizes, proportioned to the fcale, on
which the experiments, are to be made.
* But machinery for confining elaftic fluids

is not always neceffary; as mod: of the expe-

riments may be performed in the open air.

It may appear prefuming to fome, that I

fhould engage in purfuits of this nature, but
averfe from indolence, and having much lei-

fure, my mind led me to this mode of amufe-
ment, which I found entertaining, and will,

I hope, be thought inoffenfive' by the liberal,

and the learned. But cenfure is perhaps in-
evitable; for fame are fo ignorant, that they
grow fullen and filent, and are chilled with
horror at the fight of any thing, that bears the
femblance of learning, in whatever fhape it

may appear
; and fhould the fpe5ire appear in

the fhape of woman
, the pangs, which they

fuffer, are truly difmal.

Theie aie others, who fuffer the fame tor-
ture in a dill higher degree

; but by virtue of
an old infpiring tripod, on which ignorance,
iemhty, or chance, has placed them, affume a
dictatorfhip in fcience, and fancying their
rights and prerogatives invaded,^ fwell with
rage, and are iuddenly feized with a violent

tT
-eflftlble defire of avenge, manifefting™ lf ^ innuendos, nods, whilpers, fneers,

S *‘ ns
’ Stim‘ace, fatanic lmiles, and witticifms

uttered fometimes in the acute, and fome-
imes in the nafal obtuft twang, with an af-
fected hauteur, and cpntempt of the fpefire ;

v
fhrugs,
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fhrugs, and a variety of other contortions.
attending;.O

Sometimes the goblin, which thus agitates

them, lurks latent, and nothing is perceived
but hollow murmurs, portending ftorms

:

fometimes the lurking fiend darts with lidelong
fury at the devoted object, which, if unarm-
ed, falls a victim to the grifly monder.

But happily for human kind, the magic
tripod drags none into its dizzy vortex, but
thole who are radically dupid, and malicious,

who are the beads of prey dedined to hunt
down unprotected genius, to dain the page
of biography, or to rot unnoted in the grave

of oblivion.

Although the furge of deliberate malice be

unavoidable, its force is often {pent in froth,

and bubbles; for this little bark of mine has

weathered out fullmany a dorm, and demmed
the boiderous tide; and though the cargo be

not rich, the dangers, which may hereafter

be pourtrayed on votive tablet
, may ferve as a

beacon to future mariners.

But happen what may, I hope I {hall never

experience fuch defertion of mind, as not to

hold the helm with becoming fortitude againd

the dorm raifed by ignorance, petulant arro-

gance, and privileged dulnefs.

However, were I not encouraged by the

judgement of fome friends, and poffelfed of

ipecimens, to {how the progrefs made in the

art, I lhould never perhaps venture topublifh

this Eflay ; as I am fenfible, it labours under

many
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many imperfections, which inaccuracy of ob-

fervation, and the drapery of imagination,

muft fpread over the whole, imperfections

perhaps unavoidable in fuch a difeuffion.

Finding, the experiments could not be ex-

plained on any theory hitherto advanced, I

was led to form an opinion different from that

of M. Lavoifier, and other great names.

Perfuaded that we are not to be deterred from
the inveftigation of truth by any authority

however great, and that every opinion muff
ftand or fail by its own merits, I venture with
diftidence to offer mine to the world, willing

to relinquifh it, as foon as a more rational

appears.
\

t '

November 5th, 1794.
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INTRODUCTION.

<T>
x HOUGH fome of the phenomena of
combuftion were known from the earlieft
ages, yet no rational attempt to explain them
was made till about the middle of the 17th
century.

Before that period, it was fuppofed by
alchymifts and phyficians, that fulphur was
the inflammable principle, on which all the
phenomena of combuftion 'depended.

But Beecher perceiving, that fulphur did
not ex lit in feveral combuftible bodies, af-
erted it was not the principle of ioflamma-
bihty

; which, he maintained, was a diffe-
rent fubftance, common to fulphur and other
combuftible bodies: this principle he fup-
poled to be of a dry nature, and called it in-
flammable Earth.

“ fin

M
th ‘ S h

>'P°thefls by fuppofing
he inflammable earth of Beecher to be purl

tutinfa
ed

fl-

C0“ buft,ble bodies, and conlH-tuting an eflential part of them
B According



2 INTRODUCTION.
According to Stahl, a combuftible body is

a compound, containing fixed fire, or phlo-

gifton ; and combuftion is the difengagement

of this phlogifton from a fixed to a free

Rate, attended fometimes with heat and

light : when thefe phenomena ceafe, the

body becomes incombuftible; if this calcined

body be now heated with charcoal, or any

other inflammable fubftance, capable of giv-

ing it phlogifton, or fixed fire, it returns

again to the clafs of inflammable bodies.

This hypothefis is fo Ample and plaufible,

that, fince the year 1736, it was received,

though differently modified, all over Europe.

The principal objections to it are, that the

exiftence of phlogifton cannot be demon-
ftrated ;

and that it does not explain, wrhy
bodies become heavier after oxygenation,

and lighter after reduction.

M. Lavoifler difcovering, that the iucreafe

of weight, which bodies acquire during com-

buftion, is equal to the weight of the com*

buftible fubftance, and that of the vital air

employed, denied the exiftence of phlogifton,

or fixed fire, in combuftible bodies ;
though

he grants the exiftence of combined caloric

in them. He feems then to allow the exif-

tence of phlogifton, but to have changed its

name to that of caloric ,
and denied it the

power of producing combuftion.

However, after difcovering that the in-

creafe of weight, which bodies acquire du-

ring combuftion, depended on the quantity
•

5
of
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3

of the air abforbed, he was Jed to the follow-

ing beautiful hypothecs, equally Ample as

that of Stahl ;
and if ever any hypothefis

deferved the name of theory, furely it is that

of M. Lavoider.

According to M. Lavoifler, 44 an inflam-
44 mable body is nothing elfe but a body
44 which has the property of decompoflng
44

vital air, and taking the bafe from caloric
44 and light; that is to fay, the oxygene,
44 which was united to them

; and that a
44 body ceafes to be combuftible when its
44

affinity for the oxygene is fatisfied, or when
44

it is faturated with that principle
; but

that it becomes again combuftible, when
44 the oxygene has been taken from it by
44 another body, which has a ftronger afh-
44 nity with that principle.

44 When this decompoftion of the air is
44

rapid, and, as it were, inftantaneous, there
44

is an appearance of flame, heat, and light:
44 when, on the contrary, the decompofition
44

is very flow, and quietly made, the. heat
and light are fcarcely perceptible*.”
Thus all the phenomena of oxygenation,

which Stahl afcribed to the difengagement of
phlogifl.cn, M. Lavoifier afcribes to the union
of oxygen with combuftible bodies.

And, on the other hand, all the pheno-
mena of reduction, which Stahl attributed

p/2^
^

a

a

ncl

0

I

n

6

PhIOglft0n, byM * Kinvan
> anew edition.

B 2 to



4 INTRODUCTION.
to the union of phlogifton to calcined bodies,

M. Lavoilier attributes to the feparation of
o.xygen from the fame. Combuftion, then,
according to Stahl, is the tranfition of phlo-
gifton from one body to another; and, ac-

cording to M. Lavoilier, ’tis nothing but the
tranfition of oxygen from one fubftance to

another.

Stahl luppofed, that the heat, and light,

attending combuftion proceed from the

burning body
;

but M. Lavoifier fuppofes,

that the heat, and light, proceed principally,

and almoft entirely, from the vital air.'

However, this opinion of M. Lavoilier is

far from being eftablilhed
; for Dodlor Craw-

ford has fhown, that inflammable air contains

a much greater quantity of heat, than vital

air does.'

It is evident, then, that the great advan-

tage, which M. Lavoifier’s hypothefis has over

that of Stahl is, that the former feems to

account for the increafe and decreafe of

weight, which bodies futfcr during calcina-

tion, and reduction.

Notwithftanding this brilliant difcovery,

which feems to account, with fuch eafe,

for the increafe ' of weight, that bodies ac-

quire during combuftion, M. Macquer
was of opinion, that M. Lavoifier’s hvpo-

thelis was infufficient to explode that of

Stahl, and endeavoured to remove the objec-

tion urged againft the nonexillence of phlo-

giflon, by fuppoflng it to be light ;
and that

in every cafe of combuftion, light, and vital
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air, mutually precipitate each other: fo that,

according to M. Macquer, when a body is

oxygenated, vital air unites to it, and dilen-

gages light ; and, on the other hand, when

an oxygenated fubftance is reduced to its in-

flammable ftate, light unites to it, and dil-

engages vital air.

M. "Scheele alfo modified the hypothefis of

Stahl, by fuppofing that heat, light, and in-

flammable air, were compounds of empyreal,

or vital air, and phlogifton. Light, he

thought, contained more phlogifton than

heat did
;

and inflammable air more than

either : he farther fuppofed, that thefe com-
pounds of vital air and phlogifton were con-

vertible into one another, by the addition, or

fubtraflion, of phlogifton
;
and that, when a

metal was reduced by. them, they were de-

compofed ; their phlogifton uniting to the

fubftance reduced.

His idea of calcination is, that metals either

attradl empyreal air by means of their phlo-

gifton, and thus form heat, or that they
communicate their phlogifton to the air, and
attract heat :rom the fire

; and that, either

way, there is empyreal air in the calces, -

which makes the overplus of their weight*.
The laft modification of Stahl’s hypothefis

is that of M. Kirwan, who fuppofes that in-

flammable air exifts in a fixed, or concrete,
ftate in all combuftible bodies, and is the

* Experiments on Air and Fire. Eng. tranf. p. 174.

B 3 true



6 INTRODUCTION.
true phlogifton of the antient chymifts; and,

as it can be exhibited in the form of air, its

exigence is no longer doubtful.

M. Kirwaii fuppofes, that, when combuf-

tible bodies are calcined, or changed into

acids, they combine moll commonly with

fixed air, "formed during the operation, by

the union of their phlogifton to vital air ;

and fometimes to other fubftances, and wa-

ter, which is either abforbed in fpecie , or

formed by the union of their phlogifton to

vital air, during calcination.

He luppofes, that fome of thefe are reftored

to their combuftible ftate by the decompoft-

tion of their fixed air; fome partly by the

decompofition of their fixed air, and paitly

by its expulfion, and that of the other foreign

bodies, they had abforbed ;
and laftly, that

fome recover their combuftibility by the ex-

pulfion of water, and others poflibly by its

decompofition in high degrees^ ol heat. In

all thefe reductions he fuppofes a fimulta-

neous reunion of thefe bodies to phlogifton,

or the inflammable principle*.

Though M. Kirwan’s hypothefis feems to

account °for the increafe of weight, which

bodies acquire during combuftion, yet he has

not proved the exiftence of inflammable air,

in a concrete ftate, in all combuftible bodies

,

nor has he fhown, that fixed air is a com-

pound of inflammable, and vital air ;
neither

* May on Phlogifton, a new edition, p. 38—166^



INTRODUCTION.
/

has he proved, that fixed air is the acidifying

principle.

All thefie objections have been made, with

great juftice, to his hypothefis, by the anti-

phlogiftians ;
who alfo objeCt, that M. Kir-

wan’s account of calcination, and redu&ion,

is complex, and repugnant to the fimplicity of

nature; ‘‘for,” fays M. De Fourcroy, “ as

“ the author had admitted three general fpe-

“ cies of calcination, it was necelfary, that
“ he fhould, likewife, admit three kinds of
“ reduction

This criticifm is very juft
; but it will ap-

pear, that the antiphlogiftic account of calci-

nation, and reduction, is no lefs complex,
erroneous, and repugnant to the fimplicity

of nature : for when we con fide r the various
fources, whence they derive the oxygen,
which oxygenates bodies

; and the long lift

of metallic reducers, which they fuppofe
;

it mult be allowed, that if fimplicity be a re-

commendation, their hypothefis is deftitute
of that advantage.

h hus, according to M. Lavoifier, the oxy-
gen, which oxygenates combuftible bodies,
is fometimes derived from vital air

;

fome-
times fiom atmolpheric air

; lometimes from
acids; fometimes from water; and fome-
times from metallic oxids, &c.
On the other hand, the catalogue of fub-

* Efiay on Phlogifton, p. 207.

B 4 Ranees,
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a

fiances, which reduce bodies to their combus-
tible Rate, is no lefs numerous.
“ Heat,” fays M. De Fourcroy, “ Separates

oxygene from fome
;
one metal takes it

from another ;
hydrogene, or inflamma-

“ ble gas, takes it frbm mod metals
;
and

ct carbone perhaps from all

To this lift, may be added phofphorus,

Sulphur, and compounds of thele with hy-

drogen
;

alio light, and the eleflric fluid,

&c., as will appear in the Sequel.

But, 1 (hall endeavour to Show, that the

hydrogen of water is the only fubftance,

that reftores oxygenated bodies to their com-

buftible Rate ;
and that water is the only

Source of the oxygen, which oxygenates com-

buftible bodies.

Want of Simplicity is not the only defedl

in Mr. Lavoifier’s hypothelis : for he fuppo-

fes, that the increafe of weight, which bo-

dies acquire during combuftion, depends on

the ablorption of the oxygenous principle

alone.

Thus, when a bit of phofphorus, Sulphur,

or charcoal, is burnt in vital air; the increafe

of weight, which thefe bodies acquire, he at-

tributes entirely to oxygen, or the bale ol

vital air.

Thefe combuRions he explains, by Suppo-

sing, that the phofphorus, Sulphur, and char-

coal, decompofe oxygen gas, by abforbing

* Efiay on Phlogifton, p. 205.

its
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its bafe from caloric, and light, which are

fet free.

“ There is,” 'fays M. Lavoifier, “ a total

“ ahforption of vital air, or rather of the

“ oxvgene, which forms its bafe in the com-
“ bullion of phofphorus, and the weight of
“ the phofphoric acid obtained, is found to

“ be rigoroufly equal to the weight of the
<c phofphorus, added to that of the vital air

“ employed in its combullion. The fame
“ agreement of weights is obferved in the
“ combuflion of inflammable gas and vital

££ air, in the combullion of charcoal*,” See.

His idea of the calcination of metals is the

fame.
“ We do not,” fays M. Lavoifier, “ affirm

“ that vital air combines with metals to
if form metallic calces, becaufe this manner
“ of enunciating would not be fufficiently
“ accurate : but we fay, when a metal
“ is heated to a certain temperature, and
“ when its particles are feparated from each
“ other to a certain dillatice by heat, and
“ their attraction to each other is fufficiently
“ diminilhed, it becomes capable of decom-
“ pofing vital air, from which it feizes the
<£ bafe, namely oxygene, and fets the other
££ principle, namely caloric, at liberty.

££ This explanation of what pafles during
the calcination is not an hypothefis, but

<£ the refult of fads. It is upwards of twelve

* Eflay on Phlogifton, p. 14.

<£ years,
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44 years, fince the proofs have been laid by
44 one of us, before the eyes of the academy,
44 and have been verified by a numerous
44 commiffion. It was then eflablifhed, that
44 .when the calcination of metals is effected

44 beneath an inverted glafs veffel, or in

44 clofed veffels containing known quantities

44 of air, the air itfelf is decompoled, and
44 the weight of the metal becomes augment-
44 ed by a quantity accurately equal to that

44 of the air abforbed. It has fince been found,
44 that, when the operation was performed in

44 very pure vital air, the whole might be

44 abforbed.”
44 No fuppofition enters into thefe expla-

44 nations ; the whole is proved by weight
44 and meafure*.”

Hence it is evident, that M. Lavoifier con-

founds oxygen with oxygen gas ;
and confi-

ders the latter as a compound of oxygen,

light, and caloric.

But fince the dryeff oxygen gas contains a

large proportion of water, as Dr. Prieftley

and M. Kirwan have fhown + ;
and fince the

whole of the gas, except^ the caloric, and

light, is abforbed, it neceffanly follows, that

the increafe of weight, which bodies acquire

during combuftion, depends not only on the

oxygen, but alfo on the water, contained in

'vital air.

* EfTay on Phlogifton, p. 13—15*

t Ibid. p. 23. and Philo. Tr^jnf. Vol. 78. p- 3*4*

Therefore
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Therefore oxids are compounds of com-

buftible bodies united to oxygen, and water.

Another great objedlion to M. Lavoiher s

hypothecs, is, that he fuppofes both oxyge-

nation, and reduction, effedtea by a iingle

affinity. '

Thus, according to him, when iron reduces

a fulphate of copper, the iron does nothing

more, than feparate the oxygen from the cop-

per, by its fuperior attra&ion for that prin-

ciple.

From this view of combuftion, grounded

on the mod: accurate experiments in chymif-

try, it is manifeft, that the antiphlogistic

hypothefis does not account fully for the in-

creafe of weight, which bodies acquire du-

ring combuftion ; and confequently, that it

cannot be admitted as a juft theory.

r

CHAP-





CHAPTER I.
r j

REDUCTION of METALS

BY

HYDROGEN GAS.

As Hydrogen, or the bafe of inflammable
air, feems to a£t an important part in the
following experiments, and is, according to
fome chymifts, pure phlogifton itfelf

; I have
therefore afligned the firft chapter in this
eflay to hydrogen gas, this being the moil
Ample form, in which hydrogen has hitherto
been obtained.

But I had not the means of procuring this
gas free of carbone, and other impurities,
that, it diffolves and elevates during its for-
mation

; or ol excluding atmofpheric air,
which circumftances, I am fenfible, muff,
in lome meafure, influence the refult

; as it
cannot be fuppofed, that thefe extraneous
bodies would remain inaflive during the pro-
cefs of reduction. However, as iuch exa<fl>

nefs
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nefs is not in the power of every experimen-
ter, I was under a necefiity of ufing hydro-
gen gas, with the difadvantages here men-
tioned.

Though moil; of the experiments in this

effay were made on a variety of white and
coloured (ilks, 1 fhall relate only thofe made
on the former, as it exhibits the changes
produced more diftin&Iy, and contains lefs

foreign matter to modify the refult of expe-

riment ; and, for brevity’s fake, I (hall ufe

the term Jilk, by which white Jilk is always

defigned.

Exp. r. Gold.

I poured a quantity of fulphuric ether on a

folution of gold in nitro- muriatic acid, and,

by this means, obtained a folution of gold in

ether, which I (eparated from the acid.

In this ethereal folution of gold, I dipped

a piece of (ilk, after it was taken out, and

the ether evaporated, it was fufpended in a

tall glafs cylinder, placed over a vefl'el, con-

taining a mixture of diluted fulphuric acid,

and iron filings.

The (ilk thus expofed to a rapid current

of hydrogen gas acquired, after fome time,

a purple colour, and a large fpangle of gold,

of an irregular figure, appeared on the upper

end of the (ilk, and looked very brilliant.

The (ilk was kept expofed to the gas about

four months, and frequently obferved, but no

other
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otherremarkable change was perceived, except

that the purple colour became more intenfe :

the experiment was now difcontinued ; and

on taking out the filk, and examining it in

the light of the fun, particles of reduced gold

were obferved ;
but they were very fmall,

and by no means fo brilliant, as that, which

firft appeared.

During the experiment, frefh quantities of

materials for fupplying hydrogen gas were

occaiionally added.

From the brilliant fpangle of reduced gold

obferved in this experiment, I concluded,

that there was a fufficient quantity of the

metal in the fibres of the filk, could it be

reduced.

This fpot of reduced gold was very per-

manent, and adhered firmly to the filk.

Exp. 2. Gold.

In order to determine, whether a folution

of gold in ether, or one in water, were beft

adapted to the object of thefe experiments ;

1 evaporated to drynefs a folution of gold in

, nitro-muriatic acid, and diffolved the fait in

difiilled water: in this folution, I immerfed
a piece of filk, which, after it was dried in

the air, was fufpended in a glafs cylinder,

like the former piece, and expofed to the

action of hydrogen gas about two months.
The filk after fome time afibmed a purple

colour, and five or fix fpecks of reduced gold,

of
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of the fize of pin heads, and one much larger,

were obferved. Examining the filk in the

fun -beams, I perceived the whole of it fpan-

gled with minute particles of reduced gold.

After many experiments with thele two
folutions of gold, I was led to conclude, that

the folution in water anfwered. beft.

Exp. 3. Silver.

Having diflolved fome pure filver in dilut-

ed nitric acid, and evaporated fome of the

water by a gentle heat, I placed it in the

dark to cryftallize. The cryftals were fe-

parated from the folution, and diflolved ill

diftilled water; to one meafure of this folu-

tion, which was faturated with the nitrate of

filver, ten or twelve meafures of diftilled

water were added.

In this diluted folution, a piece of filk was

dipped ; after it was taken out, it was dried

at the fire : the filk dried in this manner,

retained its white colour ;
whereas, were it

dried gradually in the air
;
and efpecially,

were the light confiderable, its white colour

would be changed to a reddifh brown, more

or lefs intenfe, according to the quantity of

light prefent.

°Some kinds of filk, on being immerfed in

a folution of nitrate of filver, have fome of

their threads immediately coloured brown :

but I often got white filk, which would re-

tain



Hydrogen Gas. 17

a folution of nitrate of filver, have fome of

their threads immediately coloured brown;

but I often got white filk, which would re-

tain its pure white colour, if dried at the

fire, or in the dark.

The piece of filk dried, as above, was fuf-

pended in the middle glafs of Dr. Nooth’s

machine ; and into the lower glafs were in-

troduced a diluted folution of l'ulphuric acid,

and fome fmall iron nails.

The machine was now placed in a dark

clofet, to exclude the adtion of light ; after

fome time, the filk, thus expofed to hydro-

gen gas, put on a light brown colour, which
gradually became deeper, until it was chang-

ed to a difagreeable black, with fome mixture
of brown : then very fmall particles of re-

duced filver began to appear, which increafed

by degrees, in number, and brightnefs.

The experiment was continued four

months ; after which time, the filk was
taken out of the machine : it had a gray me-
tallic appearance, intermixed with a confide-

rable tinge of brown.

.

This experiment was repeated on another
piece of filk, every circumftance- being the
fame, except that a quantity of water was

.. Pu t in the middle glafs of the machine, over
which the filk was lufpended

; the intention
of interpofing the water in this experiment
was to purify the gas.

The appearances were much the fame, as
in the laft experiment

; except that the filk

C became
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became black fooner; and that fome fpangles
of the filver were larger, and better reduced.
The fpecks of reduced filver were per-

manent, and adhered firmly to the filk.

Exp. 4. Lead.
In a folution of acetite of lead in diftilled

water I dipped a piece of lilk, and dried it

in the air
; it was then fufpended over a quan-

tity of water in Dr. Nooth’s machine, and
expofed to hydrogen gas about three months.
The appearances were much the fame as

in the laft experiment, except that the filk

was not fo black : the particles of reduced
lead relembled filver.

Similar experiments were made in this ma-
chine on bits of filk imbued with a folution

of nitro-muriate of gold in water ; but the

appearances being, much the fame as thofe

mentioned in the firft and fecond experiments,

it is unneceffary to repeat them here.

It is much eafier to imagine, than exprefs

my anxiety, to difcover the caufeof the bril-

liant fpecks of reduced gold and filver, with
which the pieces of filk in thefe experiments

were fometimes fpangled; concluding, that

were the caufe afcertained, it would be a con-

fiderable ftep towards accomplifhing the ob-

ject in view.

But many and diverfified were the expe-

riments I made before the circumflance, on

which thefe fpangles depended, was per-

ceived.

At
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At length, I found it depended on the pre-

fence of moifture ;
and that the fpangles of

reduced metal were owing to fmall drops of

water carried up by the elaftic fluid, and de-

pofited on the filk.

The experiments, which led to this con-

clufion ,
(hall be related in their proper places.

I fhall now proceed to recite the remainder

of the experiments in this eflay, conformable

to the plan laid down in the preface, pie-

mifing an occurrence oblerved in the courfe

of them.

1 fometimes found, that the production of

hydrogen gas from a mixture of acid, watei,

and iron nails, would unexpectedly flop,

which induced me to add more acid; tins not

fucceeding, I added more water ;
but {till no

gas was formed : the proportions of acid and

water were varied without effeCt. Thinking

the mixture of acid and water unfit for the

purpofe, I poured it off, and repeatedly

waftied and agitated the nails with more wa-

ter, which was alfo poured off ; but hap-

pening inadvertently to add fome of the mix-

ture of acid and water, which I had before

poured off as unfit for ufe, I w7as lurprifed

to find the gas produced with great rapidity.

Reflecting; on the caufe of this odd cir-

cumftance, I concluded that it depended on

a cruft of fuperoxygenated iron, formed on
the furface of the nails, which defended

them from the aCtion of the water and acid,

and that this cruft was removed by the agi-

C z tation
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tation and waging, which enabled the diluted
acid to a<ft again on the iron.

Exp. 5. Gold.

I immerfed a bit of filk in a folution of
nitro-muriate of gold in difhlled water, and
dried it in the air

;
it was then placed over a

cylindrical glafs veflel, containing a mixture
of diluted fulphuric acid and iron nails, for'

about half an hour; but no reduction of the
metal could be obferved.

I dipped another bit of filk in the fame
folution of gold, and expofed it, while wet*
to the fame current of hydrogen gas, and
inftantly figns of reduction appeared; for the
yellow colour, which the folution imparts to

lilk, began to change to a green, and very

foon a film of reduced gold glittered on the

furface oppofed to the gas : fhortly after, a>

beautiful blue fpot, fringed with orange and
purple, was formed on the middle of the

filk. During the experiment, which lafted

about half an hour, the filk was kept con-

fiantly wet with difhlled water.

When experiments are made with this pre-

paration of gold, it is neceffary to evaporate

the folution to drynefs, before the fait be dif-

folved in the water ; as an excefs of acid pre-

vents the reduction in a great meafure. So-

lutions of gold in thefe experiments do not

admit of being fo largely diluted, as folutions

of filver, and other metals do.

Exp.
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Exp. 6. Silver.

I immerfed a piece of flk in a folution of

nitrate of fiver, and dried it in a dark place ;

it was then expofed to a current of hydrogen

gas about twenty minutes ; but no reduced fi-

ver appeared, the only change obfervable was

a brown ftain.

1 immerfed another bit of the fame flk in

the lame folution of fiver, and having ex-

pofed it, while wet, to a ftream of hydrogen

gas, I foon obferved evident fgns of reduc-

tion ; the white colour of the flk was
changed to a brown, which became gra-

dually more intenfe ; and the furface of the

flk, oppofed to the gas, was coated with
reduced fiver: various colours, as blue,

purple, red, orange, and yellow, attended

the reduffion. Thefe colours often change,0 7

and are fucceeded by others in the progrefs

of the redu&ion. The threads of the flk
look like fiver wire, tarnilhed in fome parts,

but of great luftre in others.

The flk was kept wet with diftilled water
during the experiment. When the flk hap-
pened to be too much wetted, the under fur-
face oppoied to the gas was often covered
with fcales of a dull blue colour : thefe, after
the flk dries, may be brufhed off, and an-
other coat of reduced fiver, which adheres
frmly, but has no confderable brightnefs,
is left behind.

' c 3 Thefe
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Thefe experiments on the reduction of

gold, and filver, were often repeated with

nearly the fame refulu

Exp. 7. Silver. c h

Thinking l'ome other preparation of filver

might anfwer better than a nitrate, I preci-

pitated fome of the latter with a- folution of

muriate of foda, and poured the whole on a

filter; the precipitate was well wafhed with

diftilled water, and difl'olved in ammonia.

In this folution I immerfed a piece ot (ilk,

and dried it in the air ;
and having cxpofed

it to the affion of hydrogen gas, I could per-

ceive no figns of reduction* except a faint

brown colour.

I dipped another bit of hlk m the fame

folution of filver, and in order to determine

if water had the power of promoting the

reduction of the filver in this preparation, as

it had in the former experiments, 1 expokd

the filk, while wet, to the lame current of

hydrogen gas
;
and in a few feconds the me-

tallic luftre was evident on the furface op-

pofed to the current. After fome little time,

a blue fpeck and a faint trace of yellow ap-

peared, but foon vanifhed.

This preparation of filver does not flam

white filk fo much as a nitrate does ;
the re-

duced filver was indeed very brilliant, but

foon grew dull, and diiappeared ;
a blown

{lain only remaining ;
fo that itfeems lather

inferior
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inferior to nitrate of filver, which alfo, after

reduction, tarniffies, grows dull, and often

difappears ;
but fometimes part of it remains

permanently reduced.

Exp. 8. Platina.

With much difficulty I procured a fmall

quantity of the ore of platina, and diffolved

it in nitro-muriatic acid. The folution was
evaporated to drynefs, and the fait was then

diflolved in diftilled water.

A bit of filk was dipped in part of this

folution, and dried in the air ; it was then
expofed to a brilk current of hydrogen gas

about twenty minutes, but no figns of re-

duction appeared.

Another bit of filk was immerfed in the
folution of platina, and expofed, while wet,
to the fame current of hydrogen gas

; in five

or fix minutes the platina was reduced, ex-
hibiting a livid white metallic appearance on
the furface of the filk oppofed to the current.
No colours attended the reduction. This fo-

lution imparts a yellowiffi brown colour to
filk.

After fome time, the whole of the metal-
lic luftre difappeared, in proportion as the
filk became dry.

The lolution of platina requires more
time, and a ftronger current of hydrogen
gas tor its reduction, than folutions of filver
and gold do.

C 4 Exp.
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Exp. 9. Mercury.

I immerfed a bit of 1'ilk in a folution of
oxygenated muriate of mercury in diftilled

water, and dried it in the air : it was then
expofed to a ftream of hydrogen gas ; but
underwent no vifible change.

I dipped another bit of filk in the fame
folution of mercury, and expofed it, while
wet, to the fame current of gas ; the metal

was foon reduced in a beautiful maimer, and
refembled filver.

The reduction began Suddenly, with Icarce

any appearance of previous ftain ; fome very

faint, but at the lame time transparent co-

lours attended it : the mod: remarkable of-

thefe were a light orange, with a fringe of

blue, and a yellow verging on a faint green.

Thefe colours foon difappeared.

After the filk was turned, I obferved, that

its texture was, in fome parts, concealed by
a thin film, which, as the reduction pro-

ceeded, was perceived to dart along the

threads of the filk, gilding them in a beau-

tiful manner, and exhibiting the texture very

diltindtly.

After fome time, the mercury feemed to

difappear, fo as to render it doubtful whether

any of it remained in the lilk ; but Shaking

it in the Sunbeams, I perceived bright atoms

fly off
; and rubbing the filk on a bit of blue

paper, I obferved fhining metallic particles,

whih
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which leaned to have loft their affinity of

aggregation, for they did not unite.

° One remarkable difference between this

preparation of mercury and nitrate of filver,

is, that no black or brown ftain preceded,

attended, or followed, the reduction of the

mercu ry.

Mr. Scheele reduced a pruffiate of mercury,

diflolved in water, by adding iron filings and
a fmall quantity of fulphuric acid to the

foludon *.

Exp. 10. Copper.

A piece of lilk was immerfed in a folution

of fulphate of copper, then taken out, and
dried, and expofed for a confiderable time to

a brifk current of hydrogen gas
; but no

figns of reduction could be perceived.

Another bit of lilk was dipped in the fame
folution of copper, and expoled, while wet,
to the fame rapid current of hydrogen °-as

;

the appearances were the following.

After a minute, or two, the filk affufned
a faint brown colour, and, on the furface op-
poled to the gas, a white metallic pellicle ap-
pealed, which vanifhed in proportion as the
lilk became dry: wetting the lilk again, I
peiceived a limilar pellicle appear, which
alfo vanifhed, as foon as the lilk dried. If
the filk be kept conftantly wet, the brown

* Scheele, p. 162, French tranflation.

colour'
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colour becomes much more intenfe, attended
with a very flight tinge of red. The mar-
gins of the filk projecting beyond the verge
of the glafs cylinder, and therefore not ex-
pofed to the current of the gas, retained the

blue colour, which the folution imparts.

In fome of thefe white metallic pellicles

there appeared a faint brown inclining to yel-

low, which refle&ed the light, though ob-

fcurely.

After the filk dried, nothing remained, but

a brown ftain.

' Exp. ii. Lead.

A piece of filk was immerfed in a folution

of acetite of lead in diftilled water ; it was
then dried, and expofed for fome time to a

ftream of hydrogen gas ; but. underwent no
perceptible change.

Another bit of filk was dipped in the fame

folution of lead, and expofed, while wet, to

the fame current of hydrogen gas ; in a fe-

cond, or two, the furface of the filk, op-

pofed to the current, was coated with re-

duced lead, which looked like filver.

The redudlion was accompanied with a

brown ftain, but by no means fo intenfe as

that, which- attends the redu&ion of nitrate

pf filver.

The other fide of the filk was oppofed to

the current of hydrogen gas, and loon ac-

quired a metallic coat of the fame brilliant

appearance

;
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appeafance, exhibiting the texture of the

filk, in a very .finking manner.

It is remarkable, that lead exhibits no co-

lour, but a light brown, during its reduction ;

whereas gold, filver, and mercury, difplay

a great variety of colours, efpecially the two

former.

After fome time the lead reduced in this

manner lobes its metallic fplendour con-

fiderably ; and that in proportion as the hlk

dries.

Exp. 12. Tin.

I dilfolved fome crydials of muriate of tin

in diddled water ; dipped a bit of filk in

the folution ; and dried it in the air : it was
then expofed to a ftream of hydrogen gas a

confiderable time ; but no change, or appear-

ance of reduction, could be obferved.

Another bit of filk was immerfed in the
fame folution of tin, and expofed, while wet,
to the fame current of gas ; after fome little

time, the reduction commenced, attended
with a great variety of beautiful colours ; as

red, yellow, orange, green, and blue, va-
rioufly intermixed.

The reduced tin difappears along with thefc
colours, as the filk dries ; nothing remaining
but a feuille-morte colour.

The fame folution of tin was alfo reduced
by hydrogen gas, obtained from tin, and the
muriatic acid.

Thefe
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Thefe experiments do not fucceed well
with muriate of tin containing an excefs of
acid.

Exp. 13. Arsenic.
• • * I . i * r .

A muriate of arfenic, which was prepared

by digelfing white oxid of adenic in mu-
riatic acid, and continuing the heat, till mod:
of the acid evaporated, and left behind a foft

mafs of the confiffence of tar, was diflolved

in diftilled water.

In this folution a bit of filk was immerfed,

and dried in the air : it was expoled to a brifk

{fream of hydrogen gas, obtained from zinc,

and muriatic acid ; but no redudion took

place.

Another bit of filk was dipped in the fame

folution, and expofed, while wet, to the

fame current of hydrogen gas ; and inffantly,

the furface of the filk, oppofed to the gas,

was covered with a bright coat of reduced

arfenic, accompanied with a yellow {fain.

In a fhort time the metallic lulfre vanifhed ;

and nothing remained but the yellow (fain.

M. Pelletier reffored the acid of arfenic to

its metallic {fate, by paffing hygrogen gas

through a folution of that acid, in twice its

weight of water*.

* Roz. Journ. Feb. 1782.

Exp.
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Exp. 14. Bismuth.

A bit of filk, which was immerfed in a

folution of nitrate of bifmuth in didilled

water, and expofed dry to hydrogen gas, ob-

tained from zinc, and muriatic acid, under-
went no vifible change.

Another bit of filk was dipped in the fame
folution of bifmuth, and placed over a lan-

guid dream of hydrogen gas ; the bifmuth
was foon redored to its metallic form, on the
furface of the lilk oppofed to the elaftic fluid.

The reduction was attended with a reddifh
brown dain, intermixed with a tinge of
violet.

Exp. 15. Antimony.
A bit of filk was immerfed in a folution of

tartarite of antimony in diftilled water; and
dried in the air. It was then expofed to hy-
drogen gas, obtained from zinc, and muria-
tic acid

; but luffered no vifible alteration.
Another bit of filk, which was dipped in

the lame folution of antimony, was expofed
wet to a weak dream of the gas ; and, in a
lhort time, the metallic ludre appeared, ac-
companied by a light yellow colour.

Exp. 16. Iron.
A bit of filk, which was immerfed in a

largely diluted folution of fulphate of iron,
and dried in the air, was expofed to a drong

current
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current of hydrogen gas, obtained from iron

nails, and diluted fulphuric acid ; but no vi-

fible change was produced on the filk.

Another bit of filk was dipped in the fame
folution of iron, and placed wet over the

fame ftream of hydrogen gas ; but no redu-

ced iron could be perceived. The filk was
then immerfed in a glafs of clear water, and

transferred a very minute metallic film to

the fiirface of that fluid.

This experiment was repeated with a ra-

pid current of hydrogen gas, obtained from

zinc, and muriatic acid; and, in about a mi-

nute, fmall films of reduced iron were vi-

fible on the furface of the filk, oppofed to

the gas.

The filk was then immerged in water,

and transferred to its furface a large metallic

pellicle
;

parts of which were very brilliant

;

but other parts were dull, and much more

imperfe£tly reduced.

Exp. 17. Zinc.

A bit of filk, which was dipped in a mu-

riate of zinc, largely diluted with water, and

dried in the air, was expofed to a rapid cur-

rent of hydrogen gas, obtained from zinc,

and muriatic acid ;
but fullered no vilible

alteration.

Another piece of filk was immerfed in the

fame folution of zinc, and expoled, while

wet,
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wet, to the fame rapid current of hydrogen
gas : in about half a minute, the metal was
reduced in a very evident manner, on part
of the filk. The filk was then dipped in
a glafs of clear water, and transferred a bright
metallic film to its lurface.

As thefe reductions of iron, and zinc, by
hydrogen, are contrary to M. Lavoifier’s
table of the affinities of the oxygenous prin-
ciple ; 1 began to fufpeCt, that the films,
which were io evident, both on the filk, and
the water, might be abraded, or torn from
the zinc, by the muriatic acid

; and elevated,
and depofited on the filk by the °"as.

.

In orcle, ‘ to remove this doubt*, I dipped a
bit of the fame filk in diddled water ; and
expofed it, while wet, to the fame current of
hydrogen gas, but nothing metallic could be
leen on the filk

; nor did it when immerfed
hi water transfer a film, or the fmallefi ap-
pearance of a metal, to the furface of that
fluid : and therefore, there can be no doubt
of the reality of thefe reductions,

1 Pr * Prieftley reffored iron, and lead, to
their metallic date, by heating their oxids
with a burning glafs in hydrogen gas.

Thefe experiments point out an error inM. Bergman s table of elective attractions in
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dudtions effected by hydrogen in the humid

way *.

Having found, that water promoted, and

accelerated, thefe reductions in a very re-

markable manner ;
I was curious to know,

if alcohol, and ether, would produce the

fame effect. With this view, 1 evaporated a

folution of gold in nitro-muriatic acid to

drynefs ;
when the veflel cooled, fome al-

cohol was poured on to difiolve the fait ;

and immediately the veflel containing the

fait, became fo hot, that it could be fcarcely

endured by the hand ;
and diffufeda fragrant

fmell, like that of ether, which, no doubt,

was a fpecies of that fluid.

Exp. 18. Gold.

In this folution of gold in alcohol, a bit of

filk was dipped, and expofed to a ftream of

hydrogen gas, obtained from diluted iulphu-

ric acid, and iron nails ;
and kept wet with

alcohol i m about two minutes, the fllk be-

<ran to afl'ume a brown colour, and white

metallic films appeared on fome parts of the

furface oppofed to the gas ;
fome of thefe

difappeared in a ftiort time ;
and were fuc-

ceeded by a few very fmall fpangles of the

proper colour of gold. Thefe alfo loon va-

nifhed ;
and nothing remained but a dilgree-

* Ele&ivcAttra&ions, EngUfh Tranflation, p. 87.

able
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Sble brown dain, intermixed with /pecks of
a dull blue.

1 fometimes found, on repeating this ex-

periment, that no yellow films or fpangles

appeared
; and am perfuaded, that their ap-

pearance, and that of the white pellicles all'o,

depends on the prefence of water, contained
in the alcohol, or the gas, and depofited om
the filk.

Exp. 19. Gold.

A bit of filk was immerfed in a folution of
gold in ether, and expofed to a dream of hy-
drogen gas, and kept wet with ether. The
filk underwent no alteration for a few mi-
nutes ; at length, it began to affume a faint
brown colour, but no white, or yellow films
appeared.

If this experiment be continued till the
filks colleds a fufificient quantity of water
from the gas, fome films will appear.

Exp. 20. Silver.

I procured fome nitrate of filver, which
had been fufed in order to expell as much of
its water as poflible ; and didolved it in al-
cohol. I immerfed a bit of filk in this folu-
tion, and expofed it to a dream of hydrogen
gas, and kept it wet with alcohol : in a few
leconds, the filk aflumed a brown colour,
which gradually became more intenfe : but
no reduced filver appeared for feveral mi-

E> nutes

;
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notes ; at length, a few metallic films ap-

peared on part of the furface oppoled to the

gas.

Exp. 21. Mercury.

A bit of filk was dipped in a folution of

oxygenated muriate of mercury, and dried ;

it was then expofed to hydrogen gas about

ten or fifteen minutes, and kept conftantly

wet with alcohol. The lilk, during the firft

minutes, fuffered no perceptible alteration:

at length, a few fmall films were vifible on

the fide of the filk oppofed to the current.

Exp. 22. Lead.

A bit of filk, which was immerfed in a fo-

lution of acetite of lead, and dried, was ex-

pofed about fifteen minutes to a ftream of the

gas ;
and kept conftantly wet with alcohol

;

but fuffered no vifible change ; except that

a very minute film was reduced on one of its

margins, which did not project beyond the

verge of the glafs veffel on which it was

we compare thefe experiments with

thole, in which water was ufed, to wet the

filk. Vis evident, that alcohol, and ether,

do not promote the reduction of metals, as

water does
;
and that the few films, which

appear, when the filk is kept wet with ether

or alcohol, depend entirely on water collect-

ed from the gas, or depofited by them on

the filk during their evaporation.

placed

Wi

In
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In order to compare the effects of hydro-

gen gas, obtained from water, iron nails,

and muriatic acid, with that, procured from
the fame materials, by means of the fulphu-

ric ; I made fome experiments on gold, fi-

ver, mercury, and lead, in the fame manner,
as the preceding

; and the principal difference

was, that the colours produced in all the

pieces ©f filk, except that, which was dipped
in acetite of lead, were much brighter, and
more beautiful, than any produced, when
the fulphuric acid was ufed.

The reduction of the lead was accompanied
with its ulual brown colour.

On the upper furface of a bit of filk, which
was dipped in a folution of gold, a green
colour inftantly appeared ; and foon changed
to a deep olive, in proportion as the reduction
advanced : now examining the under furface,
I law it coated with a bright film of reduced
gold, in the middle of which a blue fpangle,
mixed with purple, foon began to appear : I
then moiftened the upper furface of the filk
with water

; and in a few feconds, it alfo
was coated with reduced p-0 lel.

The blue on the otherlide of the filk be-
came much more intenfe : the piece was
now turned

; and on each colour I let fall a
drop of water : the drop on the blue had a
blue film, the drop on the purple, had a
purple film

, and the drop on the yellow, a
film of reduced gold.

After fome time, thefe drops of water eva-
D 2 porated,
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porated, and the films came again in contadl

with the filk : fome parts of which were
left bare, as generally happens, when too

much water is applied.

On the under furface of a bit of fdk,

which was immerfed in a folution of nitrate

of filver in water, a coat of reduced metal

was formed, with various colours, as green,

blue, orange, and yellow, the beauty and

brightnefs of which were remarkable.

In fome time a muriate of filver is formed

in the fibres of the filk, which on expofure

to light becomes of a bluifh black colour :

, but the whole of the filver does not undergo

this change
;

for part of it remains in its

metallic ffate. The colours remain a confi-

derable time, if the filk be removed from the

gas before this muriate is formed.

Hence it appears, that hydrogen gas fhould

not be prepared with an acid, which forms

an infoluble compound with the metal to be

reduced.

I alfo found, that hydrogen gas produces

different effedls not only according to the

difference of the acid, but alfo according to

the difference of the metal employed to ob-

tain it : for this gas procured from zinc or

tin, and muriatic acid, did not reftore gold

to its proper metallic luflre ; but formed on

the filk, a white metalline coat like filver.

The experiments related in this chapter

indicate the following conclufions.

I. Hydrogen is capable of reducing the

metals
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metals in the ordinary temperature of the

atmofphere.

2. Water promotes, and accelerates, thefe

reductions, in a very remarkable manner.

3. Ether, and alcohol, do not promote

thefe reductions, without the aid of water.

4. A variety of colours accompanies thefe

reductions, fimilar to what appears, during

the calcination of metals by heat and air;

and depends on the fame caufe : viz. the

quantity of oxygen combined with the metal.

Thefe colours have not been obferved hi-

therto
; nor indeed could they; as the me-

tals were reduced in clofe veffels, and in hieh
degrees of heat.

5. Thefe reductions often difappear,

This is commonly owing to an imperfeCt,
and partial reduction of the metal : for the
acid, and water, remaining in that part of
the metallic folution, not reduced, recalcines
thefe delicate films : fometimes the difap-
pearance of the metallic luftre depends on.

the nature of the metal itfelf : thus arfenic,
lead,, filver, &c., fuffer fome degree of cal-
cination by water and atmofpheric air.

Me firs. Bergman and Keir relate inftatices,
in which filver after being precipitated in
its metallic ftate, was recalcined, and dif-
appeared.

I firft imagined, that water promoted thefe
reductions by minutely dividing the particles
of the metallic ialt, and by condenfing the
gas, and bringing its hydrogen, and the me-

D 3 taUiq
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tallic oxid, within the fphere of attradion ;

the hydrogen either uniting to the metallic

earth and reducing it, as the Phlogiftians

fuppofe ; or uniting with, and feparating the

oxygen of the metal, and thus reftoring it to

the metallic form, as the Antiphlogiftians

maintain.

But it is evident from the experiments re-

lated, that water does not promote thefe re-

ductions l'olely, by minutely dividing the

particles of the metallic fait : for wrere this

the cafe ; ether, and alcohol, fhould promote

the reduction of the metallic falts, which

they diffolve, (ince they divide their particles,

as minutely as water can.

,
Since then metallic folution s in ether, and

alcohol, cannot be reduced by hydrogen gas;

it follows that the above fuppofition concern-

ing the mode of agency of water does not ac-

count for rhe reduction of metals in this way.

And indeed were it true that hydrogen con-

den fed by water reduced metals in the man-

ner above mentioned, it would follow, that

the reduction was effected by a tingle affinity,

which cannot be admitted ; i ft. becaufe the

exiftence of a (ingle affinity in fuch cafes has

not been proved ; adly, becaufe a double af-

finity always takes place in preference to a

(ingle affinity, which is demonftrated by the

following faCts, trait fcribed from the works

of Mr. Kirwan,
“ If a folution of filver in the nitrous acid

be thrown into a mixed folution of fixed

“ alkali
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“ alkali and common fait, the fiver will be

“ precipitated by the marine acid of the
44 common fait, and not by the free alkali,

“ contained in the liquor : for a luna cornea
44 is found

44
I repeated the experiment with a folu-

44 tion of lead, and alfo of mercury in the
44 nitrous acid, and the refult was finfilar ;

44 horn lead and marine fait of mercury were
44 formed -j-.”

In thefe experiments of Meflrs. Monnet
and Kirwan, *tis evident that a double affinitv

takes place in preference to a fingle one : for

the nitrous acid of thefe different nitrates

unites with the alkali of the common fait,

while the muriatic acid of the latter feizes

the fiver, mercury, and lead, of the nitrates,

and forms muriates of fiver, mercury, and
lead : the free alkali remaining pafive in the
mixture.

•

1
j*

'

M. Lavoifier fays, 44 There exifts only in
44 nature, as far as we can obferve them,
44 cafes of double affinity, often triple, and
44 others perhaps fill more complicated
Now as water does not promote thefe re-

ductions merely by diflolving, and minutely
dividing, the particles of the metallic fairs,

and condenfng the hydrogen gas ; and fine©
a double affinity takes place in preference to

* M. Monnet Diflblution de Metaux, p. icq.
+ Phil. Tranf. Vol. 73. An. 1783.
+ EUay on Phlogifton, a new Edit, by M. Kirwan,

p. 46,
3

D 4 a fingle
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a ftngle affinity; it is obvious that the water
mu ft be decompofed in thefe reductions in the
following manner.
The hydrogen of the gas unites to the oxy-

gen of the water, while the hydrogen of the

latter unites in its nafeent ftate to the oxygen
of the metal, reduces it, and forms water.

Thus what could never be effected by a

ftngle, is readily performed by a double

affinity.

Hence it follows, that the hydrogen of the

gas is oxy genated by the oxygen of the wa-
ter, while the metal is, at the fame time,

reftored to its combuftible ftate. It alfo fol-

lows, that the quantity of water formed is

double that decompofed.

CHAP-
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CHAPTER II.

Reduction of Metals by Phofphorus.

The next fubflance, of whofe effects In

reducing metals in the fibres of filk, I fhall

treat, is Phofphorus, one of the mod inflam-

mable fubflances, we are acquainted with.

I was for fome time at a lofs, how to ap-

ply it to this purpofe
;
but learning from a

note of Mr. Lewis, that it is foluble in

ether ; I diflolved a fmall quantity of it in

that fluid, which can be eafily effected, if

the ether be good. The folution is con-
fiderably promoted by a gentle heat, as that

of the hand, and may be made in a lmall

phial, which fhould be nearly filled with the
ether, and accurately corked : a common
cork is preferable, for this purpofe, to a glafs

ftopper
; and a fingle grain of phofphorus is

fufficient for a great number of experiments.
1 fometimes applied a much greater degree

of heat than the above, by placing the phial
in hot fand, prefling on the cork at the
fame time with my finger, to prevent its

being forced out by the expanfion of the
ether, part of which is converted into an
elaftic fluid, and holds fome phofphorus in
folution : the ether foon begins to boil

; the

phofphorus
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phofphorus melts ; and a ffrong folution is

obtained in a few minutes by fhaking the

phial. If the folution be removed to a cool

place^ it frequently depofits cryftals.

This manner of preparing the folution is

attended with fome danger ; for fhould the

phial burft, or the cork be extruded, the

contents will be thrown out with confiderable

force, and that part of the phofphorus not

diffolved by the ether burn with great vio-

lence.

The only objection to this preparation of

phofphorus is the ether, which muft necel-

i'arily modify the refult, and prevent that

Simplicity fo defirable in experiment.

But, after fome observation, it was per-

ceived, that the ether flies off, and leaves the

phofphorus pure, and minutely divided in

the fibres of the filk : the ether, from its

great volatility, firft evaporates, and, at the

fame time, produces a very confiderable de-

gree of cold, which effectually prevents the

evaporation, and combuftion, of the phof-

phorus.

After the ether evaporates ; the cold ceafes,

and the combuftion of the phofphorus com-

mences, attended with white fumes, which

continue till the whole is confumed, if no

other power intervene.

Hence it is evident, that this preparation

of phofphorus has a Simplicity, and elegance,

not always to be obtained.

It has alfo another great advantage in ex-

periments



periments of this kind ;
for it does not

change, in the fmallefi degree, the white

colour of fijk, during its flow combuftion,

which is not attended with heat fufficient to

affedl the moft delicate colour. This pro-

perty of not affefling the colour of the lilk

renders obfervation, and experiment, more

accurate; as whatever change fupervenes,

muff depend either on the metallic folution

itfelf, or on the aftion of the phofphorus on

the fame. But this advantage is confined to

a certain range of the thermometer; for if

the heat be increafed to about 86° of Fah-

renheit, and the lilk be dry, the phofphorus

js apt to fet fire to it.

Exp. i. Gold.

I immerfed a bit of filk in a folution of
gold in ether, and after the ether evaporated,

dropped on it fome of the folution of phof-
phorus, which diffufed itfelf through the
filk, like a drop of oil, and formed a circum-
scribed fpot, whofe limits, as the ether eva-
porated, aflumed a brown colour, which foon
diffufed itfelf equally over every part, to
which the folution of phofphorus was ap-
plied

; but the parts of the filk, to which
the latter did not reach, retained the yellow
colour, which the folution of gold gave
them.

* b

The filk viewed by tranfmitted light pre-
fcntcd the fame colours, except that the li-

mits
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mlrs of the brown appeared more intenfe,
and feemed to border on a faint purple.

Examining the filk next day, I found, that
the whole of the brown ftain acquired a faint

iliade of purple, which was moft evident on
the margins of the ftain.

Exp. 2. Gold.

I dipped a bit of filk in the folution of gold
in ether, and after it was well dried, half of
it was wetted with diftilled water ; the other

half remaining dry ; the folution of phof-

phorus was applied to both the moift and dry

parts of the filk : inftantly the part wetted
with the water began to acquire a purple co-

lour
; and, loon after, the metallic fplendour

of the gold appeared ; but that part, which
was kept dry, acquired only a brown ftain,

iimilar to that defcribed in the preceding ex-

periment.

I repeated thefe experiments many times,

and always found, that the gold was reduced

only in proportion to the water applied.

Finding water promoted the reduction of

gold by phofphorus, 1 began to form various

conjectures about its mode of aCtion : I firft

fuppofed, it aCted by holding the particles of

the fait minutely divided, thus diminifhing

their attraction of cohefioti, and confequently

increating their chymical attraction.

The truth of this fuppofition might, I

thought, be decided by ufing ether, and at-JO 'll
cohoi,
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cohol, inftead of water, to wet die filk,

avoiding aqueous moifture, as much as pof-

fibie ; accordingly, I made the following ex-

periments, which were frequently repeated

with nearly the fame refult.

Exp. 3. Gold.

A piece of filk was immerfed in the folu-

tion of phofphorus
; as foon as the ether eva-

porated, and the phofphorus began to fume,
an ethereal folution of gold was dropped on.

the filk, which immediately got a brown
colour

; the piece was kept conftantly wet
with ether ; in fome time a purple tinge ap-
peared on parts of the filk ; and, fhortly after,

fmall films of reduced gold appeared ; the
filk was now remarkably wet, and feemed
to have a great power of collecting water ;

this, I fuppoled, was partly attracted from
the air by ths* lalt, and pholphorous acid
formed^ during the combuftion, which has a
powerful attraction for water

; and partly de-
pofited in the filk by the ether during its

evaporation.

In order to determine if the ether during its

evaporation depofited water in the filk, I kept
a bit of filk wet with ether fora few minutes,
and found, that, after the evaporation ceafed,
the filk was moifi: : but this humidity was
not fo great, as that obferved in the filk, to
which the ethereal folutions of phofphorus,
and gold, were applied.

Another
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Another bit of {ilk was dipped in the
ethereal folution of gold, and after the ether

evaporated, the (olution of phofphorus was
applied : a brown colour was produced

; the

iilk was kept wet with ether, and, in a fhort

time, a purple tinge appeared on parts of it;

but chiefly at the margin of the ftain, which
gradually diffufed itfelf over the whole.
The only difference between this and the

preceding experiment on gold is the order, in

which the folution of gold, and phofphorus*

were applied to the (ilk ; but there is a con-

fiderable difference in the refult ;• for in this

the brown and purple colours were formed

much more (lowly, and no particles of re-

duced gold appeared till after a much longer

time.

Exp. 4. Gold.

A piece of (ilk was immerfed in the folu-

tion of phofphorus, and when the white

fumes began to rife, a folution of gold in al-

cohol was applied to the (ilk, which was

kept wet with alcohol
;

a brown tinge, which

foon changed to a purple, appeared on dif-

ferent parts; and, in a little time after, a

very (mall film of reduced gold was vifible on

a part of the margin.

In another experiment, conducted in the

(lime manner, the redu&ion was more evi-

dent.

The folution of gold ufed in this expe-

riment
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riment was very rich ; and had a great at-

traction for water ; for bits of filk tineed

with it, could not be dried without difficulty
;

and after they were removed to a cool place,

they very foon became moift again. This' is

more or lefs the cafe with folutions of gold
in general.

Exp. 5. Gold.

A bit of filk was dipped in a folution of
gold in alcohol, and dried ; then fome of the
lolution of phofphorus was poured on the
filk ; a brown, and then a purple colour, ap-
peared ; and in fome parts a fmall portion of
the gold was reduced : the reduction was
very obfcure

; but became gradually more
evident, in proportion as it attracted water
from the air. The filk was occafionally wet-
ted with alcohol.

.

This experiment was repeated, with this
difference, that the lilk was not kept wet
with alcohol

; and no reduced gold could be
perceived.

Exp. 6. Gold.

In order to exclude water more effectually,
a fmall phial was carefully dried by placing
it in hot fand, and then corked, to prevent
the accefs of moiffure from the air

;

when
the phial cooled, it was nearly filled with
ether, and a fmall bit of phofphorus drop-
ped into it

; it was then corked, and replaced

on
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on the hot fand
; the phofphorus foon melt-

ed, and a ftrong foludon was obtained by
fhaking the phial.

Into this folution a fmall bit of filk, which
was dipped in a rich folution of gold, and
carefully dried, was introduced : the filk im-
mediately got a brown tinge

; but not a par-

ticle of reduced gold could be perceived.

The folution in a fhort time became turbid,

and depofited a brown powder. The colour

of theprecipitate was exactly the fame, as that

which the filk acquired. The experiment

was continued about three months, and care-

fully obferved ; but no other change could be

perceived : at the end of this time the filk

was taken out of the phial ; and the folution

of phofphorus was found capable of reducing

gold and filver by the aid of water.

Exp. 7. Gold.

In order to contrail the effects of water

with thofe of ether, and alcohol, more fully,

a piece of iilk was immerfed in a folution of

nitro-muriate of gold in water, and dried in
’

the air about twelve hours ; during which

time the yellow tinge, the folution of gold

gave the filk, remained unchanged : the fo-

lution of phofphorus was then applied ; a

brown flain appeared
;
the ether foon eva-

porated^; the phofphorus began to fume ; and

the filk acquired a purple colour ;
but not a

particle of reduced gold could be perceived.

The



Phofphorus , 49

The purple tinge in this bit of filk was
much more intenfe, and more equal, than

in the pieces, in which ether and alcohol were
ufed.

Exp. 8. Gold.

I dipped a piece of filk in the folution of
phofphorus, when the ether evaporated,

and the phofphorus began to fume, a folu-

tion of gold in water was applied
; inftantly

the hlk was covered with a fplendid coat of
reduced gold.

Nothing can be more finking than this

experiment, which was repeated times with-
out number, or demonfirates the neceflity of
water in tbefe reductions in a more convinc-
ing manner.

This piece, viewed by tranfmitted light,
had a purple colour with a confiderable tinge
of blue

j and the.margin of the reduced cold
was fringed with purple.

i

Exp. 9. Gold.

Thinking that phofphorus applied in the
form of vapour through the medium of wa-
ter might be more effectual than a folution of
it in ether, J immerfed a fmall bit of .filk in
an ac

l
ueou

>

s folution of gold, and buffered it
to dry a little; it was then fufpended in a
phial over a little water, into which a fmall
bit of phofphorus was previoufiy introduced :

the phial was then corked, and placed on hot

E {and
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fand : the phofphorus began to melt, and
afcend In white vapours, which, as foon as
they reached the lower end of the filk, gave
it a browrn tinge, fucceeded by a purple

; and
the gold began to aflume its metallic fplen-
dour : in a Ihort time thefe appearances were
evident over the whole {ilk.

The following propofitions are deducible
from thefe experiments.

i* ^Vater does not promote the reduction
of gold merely by diflolving, and minutely
dividing, the particles of the fait, and thus
diminflhing their attraction ot cohefion, and
confequently increaflng their chymical at-

traction, as I firft luppofed
; for w^ere this

the cafe, ether and alcohol, which equally
diflblve, and divide, the fait, fliould produce
the fame effect.

2 . Ether and alcohol do not promote thefe

reductions without the aid ot w'ater
; for it

is evident from the experiments related, that

the fewr
particles of reduced gold, which ap-

pear, when they are employed, depend en-
tirely on the quantity of water, which they
leave in the lilk during thejr evaporation, and
that attracted from the air by the folution of
gold, and by the pholphorus during its com-
buftion, both of which have a itrong attrac-

tion for water.

j- Phofphorus does not reduce gold by
giving the metallic earth phlogifton, as the

Phlogiftians fuppofe
; for were this opinion

true, a folution of gold in ether, or alcohol,

fliould
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ftiould be reduced by the phofphorus as ef-

fectually as a folution of gold in water is.

4. Phofphorus does not reduce gold, by
combining with, and feparating, the oxygen
of the gold, as the Antiphlogiftians affert

;

for were this the cafe, the particles of the

pholphorus fo attenuated by the ether, fhould
reduce a folution of gold in ether, or alcohol,

as well as a folution of gold in water, fince

the impediment oppofed by the attraction of
cohefion is equally removed in both cafes.

I fhall conclude thefe remarks on the re-

duction of gold with the following expe-
riment, which often amufed me.

Exp. ic. Gold.

A fmall bit of (ilk was immerfed in a
folution of gold in ether

j and dried; then
the folution of pholphorus was applied, which
changed the yellow colour of the filk to a
brown : when the pholphorus began to fume,
I placed the lilk on the palm of my hand,
and bieathed 011 it a confiderable time ; a
purple tinge gradually fucceeded the brown,
and, in fome little time after, the metallic
lufhe of the gold began to appear.
The fame experiment iucceeds with a fo-

lution of gold in alcohol.

Another bit of filk, treated in the fame
manner, was placed over the vapour of
warm water for fome time

; the fame ap-
^ 2 pea ranees
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pearances took place, and particles of reduced

gold were evident in the filk.

If the water, whence the vapour arifes,

be too hot

;

the heat retards, and fornetimgs

prevents, the reduction, by volatilizing the

phoiphorus.

Exp. i r. Silver.

I dipped a bit of filk in a folution of fufed

nitrate of filrer in alcohol, and dried it in the

air : then fome of the folution of phofpho-

rus was applied, which produced a brown

{lain, whole margin, after a few minutes

expofure to the air, acquired a livid white

appearance, caufed by a partial and imperfect

reduction of the filver.

This, however, would not be taken by a

perfon unacquainted with experiments of this

kind for reduced filver.

Exp. 12 . Silver.

A bit of lilk w^is immerfed in the folution

of phofphorus ; as foon as the ether eva-

porated, and the phofphorus began to fume;

a few drops of the folution of filver in al-

cohol were applied : immediately a black

{lain, intermixed with fome brown, ap-

peared : and, after fome time, obfeure films

of reduced filver prefented themfelves ; thefe

appeared on different parts of the ftain ;
but

were fo minute as to be fcarce vifible. The

only difference between this and the pre-

ceding



Phofphorus, 53

ceding experiment is the order, in which
the folutions were applied ;

but even this

modifies the refult in fome meafure.

That thefe imperfebt reductions depended
on water, depofited in the filk, by the alco-

hol d uring its evaporation, or attracted from
the air by the phofphorus during its com-
buftion, will appear from the following expe-
riment.

Exp. 13. Silver.

A fmall phial was well dried in hot fand,
then corked, and removed to a cool place ;

after the phial cooled, it was nearly filled

with ether, and a lmall bit of phofphorus,
which was repeatedly wafhed in alcohol to
free it from any aqueous moifture, that might
adhere to it, was introduced

; the phial was
then corked, and placed in hot fand

; when
the phofphorus melted, I fhook the phial,
and obtained a ftrong folution.

Into this folution a fmall bit of filk, which
was dipped in a folution of filver in alcohol,
and dried, was introduced : the phial was
corked

; the filk inftantly aflumed a brown
colour

; but not a particle of reduced lilver
could be feen, though the experiment was
continued about three months ; nor did the
folution of phofphorus become turbid, or de-
pofit any precipitate, as happened in fmilar
experiments on gold.

At the end of this period the flk was
E 3 taken
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taken out of the phial, wetted with water,

and fufpended in a window ; and, after a

confiderable time, reduced filver was manifeft

on different parts of the filk.

With the folution of phofphorus, in which

the filk flood during that time, I reduced

gold, and filver, with the affifiance of water.

In order to compare the effects of water

with thofe of ether and alcohol, I made the

following experiments.

Exp. 14. Silver.

1 dipped a bit of filk in a folution of ni-

trate of filver in water, and dried it at the

fire : the filk thus dried retained its white

colour : the folution of phofphorus was then

applied, and immediately produced a brown

colour, which foon, in proportion as the

phofphorus fumed, acquired a deeper tinge,

verging on black ;
and flight figns of reduc-

tion appeared after a little time on the mar-

gin of the ftain.

Another bit of filk, treated in the fame

manner, but dried much better, exhibited

ftill fainter figns of reduction : for the

brown fain did not appear on this piece as

loon as on the former, nor was it fo intenfe ;

however, after fome minutes expofure to the

air, the fain became deeper, and its margin

acquired a livid white appearance, owing to a

partial reduction of the lilver.

It
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It has been often remarked, that the re-

duction commences firfton the margin of the
ftain, which the folution of phofphorus, and
that of the meta], produce in the liik : I was
a long time at a lofs to account for this ap-
pearance

; but the caufe was accidentally dif-

covered
; tor happening to fpill a few drops

of the folution of phofphorus on a table, I

obferved, that, as they evaporated, watery
circles were formed round the fpaces, oil
which the drops fell

; and, that all the parts
within the circles were dry.

This explains why the reduction begins on
the margin of the ftain.

I obferved the fame of alcohol
; for if it

be dropped on a level furface, it leaves a wa-
tery ring behind, though not near fo foon,
as a folution of phofphorus in ether does;
this is the reafon why alcohol feems to pro-
mote the reduction of fome metals

; I fay
feems

; for it does not promote it, but in
proportion to the quantity of water it con-
tams or attrafls from the air, and depofits in
the lilk during its evaporation.
How eflential water is to the reduction of

metals will appear from the following expe-
riment. ° r

Exp. 15. Silver.

I immerfed a piece of lilk in the folution
ot phofphorus, and after the ether eva-
porated, and the phofphorus began to fume,

E 4 Kg
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a folution of nitrate of fiver in water was
applied

; inftantly the filver was reflored to
its metallic fplendour.

This experiment is very amufing, and well
calculated to llnke the beholder with fur-
prife.

1 he redudlion is fometimes attended with
fpangles of a beautiful blue, which appear
chiefly where the folution of filver is mod
abundant.

7 he folution of filver is commodioufly ap-
plied by a camel hair pencil.

I alio tried the effects of the vapour of
phofphorus on bits of filk dipped in a folution
of nitrate of filver in water, and expofed to

the vapour, in the fame manner as in expe-
riment the 9th ; and the filver was always
reduced : but a folution of phofphorus in

ether feems preferable to the vapour.
A lmall glafs tube, refembling a thermo-

meter, with its bulb terminating in a fmaller

and nearly capillary tube, I found ufeful, and
economic, efpecially in experiments on gold :

by immerfing the iinaller end in the metallic

folution, and in (paring through the tube at

the fame time, the bulb may be filled : by
this means a fingle drop, or more, if necef-

fary, may be applied to the filk ; and, thus,

a great number of experiments can be made
on a fingle grain, or a much lefs quantity,

of gold, or any other metal.

This little inftrument maybe ufed alfo to

apply the folution of phofphorus to the filk ;

3
* and
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and it was by ufing it for this purpofe, I dif-

covered, that phofphorus has not the power
of reducing filver without the aid of water ;

for blowing the folution of phofphorus from
the tube on bits of filk, which had been dip-

ped in a folution of fiver, and dried, I was
furprifed to find films of reduced filver fre-

quently appear ; whereas none appeared, when
1 applied the folution of phofphorus in a dif-

ferent manner : this unexpected event often

occurred, before I learned the caufe ; at length
1 fufpeCted, it might depend on the moifture
of the breath

; and 1 was foon convinced by
moiftening the filk with water, that the fuf-
picion was well founded.

It is evident from thefe experiments on fil-

ver, that water is efi'ential to the reduction of
this metal by phofphorus

; and that ether,
and alcohol, do not promote it.

It is alfo evident, that thefe experiments,
and thofe, made on the reduction of gold,
mutually illuftrate each other

; and confirm
the conclufions drawn from them.

Exp. 16. Platina.
I immerled a bit of filk in a folution of

intro-muriate of platina in diftilled water, and
*

dried it m tne air
; the folution of phofpho-

rus was then applied to the filk
; but no ap-

pearance of reduction could be perceived.
Another bit of filk was dipped in the fo-

lution of phofphorus; when the ether eva-

porated,
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porated, and the pbofphorus began to fume,
the folution of platina was applied to the filk ;

and, in fome time, delicate films of reduced
platina were vifible where the water was moft
abundant. *1 hele films of platina commonly
difappear

; and nothing remains but a brown
tinge, which, however, is more intenfe, than
what the folution of platina alone gives the
filk.

To fucceed in this experiment, ’the filk

fhould be replete with phofphorus; which is

eafily done by applying the folution twice or

thrice, and waiting after each application,

till the fumes begin to appear. It is alfo ne-

ceffary to keep the filk con flan tl y wet writh

wrater. Sometimes it requires from ten to

twenty minutes to reduce platina in this

manner.

Exp. i y . Mercury.

I dipped a bit of filk in a folution of oxy-

genated muriate of mercury, and dried it in

the air
;
then the folution of phofphorus was

applied; when the ether evaporated, and the

phofphorus began to fume, a yellow ftain

commenced on the margin, and gradually

appeared over the whole.

To compare the effects of different degrees

of moifture, I immerled a bit of lilk in the

fame folution of mercury, and dried it care-

fully at the fire ; the folution of phofphorus

was then applied; the lilk began to fume;
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but no change, except a very flight ring of a

yellow hue, appeared. The reft of the lilk

retained its white colour.

Another bit of filk was immerfed in the

folution of phofphorus, when the ether eva-

porated, and the phofphorus began to fume,

the fame folution of mercury in diftilled wa-

ter was applied ;
and, in a few feconds, a

bright film of reduced mercury was vifible

on the margin of the part, to which the

metallic folution was applied, and after feme
time appeared on the whole. The reduction,

was attended with the colours of the rain-

bow.

After a little time, thefe colours vanifh,

and the metallic film becomes much more
obfcure, according as the filk dries, and is

fucCeeded by a yellow ftain.

Exp. 18. Mercury.

A bit of filk was dipped in a folution of
nitrate of mercury in diftilled water, and
dried at the fire ; then the folution of phof-
phorus was applied

; and, when it began to
fume, a brown ftain commenced at the mar-
gin, which foon diffufed itfelf over the whole,
and gradually acquired a faint tinge of black.

Another piece of filk, treated in the fame
manner, but dried in the air, exhibited the
fame appearances

; except that the brown
tinge verged more on black.

Another bit of filk was immerfed in the

folution
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folution of phofphorus, and when it began
to fume, the folution of nitrate of mercury
was applied ; a brown colour inftantly ap-

peared, accompanied with a film of reduced

mercury, which was moft evident where the

metallic folution was mo ft abundant. This

film foon difappeared, and was fucceeded by

a black ftain, in which, however, reduced

mercury was vifible. No colours but black,

and brown, appeared in this experiment.

It appears from thefe experiments on mer-

cury, that the reduction kept pace with the

quantity of water prefent.

Exp. 19. Copper.

A piece of filk was immerfed in a folution

of fulphate of copper, and dried in the air

:

then a ftrong folution of phoiphorus was ap-

plied ;
the filk acquired a brown colour ;

but

no other vifible alteration occurred.

Another piece of filk was dipped in the

lame folution of copper, and dried at the fire

much better than the preceding ; the folution

of phofphorus was applied ;
when the ether

evaporated, and the phofphorus began to

fume, a brown tinge commenced on the mar-

gin of the filk, and gradually ditfufed itfelf

over the whole ;
but the ftain was by no

means fo intenfe as that produced in the pre-

ceding piece : fo that there can be no doubt

that the difference was owing to the different

degrees of moifture in the filk.

After
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After this piece remained in the air for

fome time, the brown tinge became more
intenfe, a proof that it attra&ed water from
the air. This difference in the appearances
of pieces dried in the air, and at the fire, I

frequently remarked.

Exp. 20. Copper.

A ffrong folution of phofphorus was ap-
plied to a piece of filk, when the ether eva-
porated, and the phofphorus began to fume,
a iolutionof fulphate of copper was applied

;

a brown ffain was inftantly produced, and
its margins were foon covered with a white
metallic film, parts of which, alter lome
time, verged on the colour of copper, inter-
mixed with purple, green, and blue. If
the lo'iution ol pholphorus be weak, which
is always the cale, when the ether is bad,
nothing appears on the fnk but the brown
Tain, and the white metallic film. As the
fiik dries moft of thele appearances vanilla ;

but lome of the blue tinge furvives
; and the

filk looks very unfeemly.
A bit °f filk was immerfed in the fame

folution of copper, and expofed to the vapour
of pholphorus, as in experiment the pvh

;

but no change was produced on the lilk, ex-
cept a few brown fpots, though the heat was
iuch that the vapour filled the phial, and cir-
culated through it: the vapour corroded a
brals pin, which was ufed to iulpend the filk

in
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in the phial. This induced me to try its ef-

fects on copper, which was corroded by it

in a remarkable manner, and changed into a

black fubftance refembling a mixture of char-

coal and oil. It appears then that phofphorus

is ill adapted to the reduction of this metal.

Exp. 21. Tin.

A bit of filk was immerfed in a folution

of muriate of tin in diftilled water, and dried

in the air ; the folution of phofphorus was

then applied to the filk, and though it fumed

confiderably, no change whatever could be

perceived in the colour of the filk ;
nor was

there the fmalleft appearance of redu&ion.

I poured lome of the folution of phofpho-

rus on a bit of filk, and when it began to

fume, the folution of tin was applied : after

a few leconds, white metallic films appeared,

firft on the margin, and were gradually dif-

fused over that part of the filk, to which the

muriate of tin was applied : a yellow colour

intermixed with red fometimes attends the

reduflion. After fome little time thele films

of reduced tin vanifli, and lcarcely leave a

ftain behind.

i did not fucceed in reducing acetite of lead,

muriate of arfenic, orfulphates of iron, and

zinc, in this way.

Thefe experiments on tin fhew that water

is effential to its reduction by phofphorus, and
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give additional force to the preceding conclu-

lions.

M. Sage difcovered that gold, filver, &c.
are precipitated from their folutions in the

metallic form, by pieces of phofphorus, which
are covered at the fame time with bright coats

of gold, iilver, &c.

To determine if water were effential to

thefe reductions performed by M. Sage, I

made the following experiments.

Exp. 22. Gold.

Some folulion of phofphorus in ether was
poured into a china cup, and a few drops of
the ethereal folution of gold were added ;

inftantly a brown powder was precipitated
fimilar to what appeared in experiment the
6th, but no gold in its metallic form could be
perceived.

Exp. 23. Gold.

A folution of nitro-munate of gold in wa-
ter was poured into a china cup, containing a
folution of phofphorus in ether

; inftantly
the gold began to affume its metallic fplen-
doui, attended witn a variety of colours, as

P UI pie, blue, anci red, the beauty of which
cannot be delcribed : the quantity of the
olue was gradually diminiftied, and what re-
mained, was. difperfed over the furface in
imall films, intermixed with fpangles of re-
duced gold. Mo ft ol the blue films were of

a cir-
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a circular figure
; fome had a central fpeclc

of ruby red, and were fringed with purple

;

fome had a round central fpeck of a darker
blue than the furrounding parts : and fome
were of an irregular figure, fringed with
purple, or ruby red. I often obferved thefe

blue films affume the real colour of gold
without buffering any intermediate change of
colour; and, I think, I obferved the fame of
one of the largeft fpecks of ruby red, that

appeared in this experiment. All thefe co-

lours difappeared, when the redu&ion was
completed.

The variety of colours, which thofe films

affume, depends on the different degrees of
reduction

; that is to fay, on the quantity of

oxygen combined with the metal : in pro-

portion as the metal is deprived of the oxy-

gen, it affumes various colours, which often

fucceed each other in a regular order, flow-
ing the different ftages of the reduction

:

thus when gold is reduced ;
the firft percep-

tible change is a green, which foon becomes

olive ; this is fucceeded by blue, and purple ;

and fometimes by a ruby red : the purple

tinge is a mixture of blue, and red.

The various colours, which metals, and

their calces, communicate to glafs, and other

fubftances, are explicable on thefe principles

:

and the difficulty of obtaining a ruby-colour-

ed glafs by gold is readily underftood from

the facility, with which that metal parts with

oxvgen.
•i o

Exp.
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Exp. 24. Gold.

A thread was paffed by means of a needle

through a fmall bit of phofphorus, which was
freed from any moifture, that might adhere
to it, by immerfing it for fome time in al-

cohol ; it was then fufpended by means of
the thread in a folution of gold in ether, con-
tained in a phial, which was carefully dried
in hot fand : in a few minutes, the folution

became turbid, an effervefcence commenced,
and a brown precipitate was formed : ac-
cording as the precipitate fell, the folution
became clear, loft its yellow colour

; and the
whole of the gold feemed to have been pre-
cipitated : but not a particle of reduced gold
could be feen.

Another bit of phofphorus was fufpended
in the fame manner in a folution of nitro-
muriate of gold in water

; and in a few mi-
nutes got a fplendid coat of reduced gold.

Exp. 25. Silver.

A few drops of a folution of fufed nitrate
of filver in alcohol were poured into a china
cup containing a folution of phofphorus in
ether : inftantly a black precipitate, with a
tinge of brown, was formed

; but no filver
in its metallic ftate could be perceived.

After fome time the precipitate attracted
moifture from the air

; and fome films of re-
duced filver appeared.

F The
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The fame experiment was made in a phial,

which was corked, to exclude the moifture

of ,the air; and nothing, but the black pre-

cipitate, appeared.

Some of the fame folution of (liver was dh
luted with water, and dropped on a folution.

of phofphorus in ether ; and inftaritly films

of reduced filver floated on the lurfa^e.

Exp. 26. Silver.

A bit of phofphorus was fufpended by a

thread in l'ome of the fame folution of filver

in alcohol, contained in a phial carefully

dried : a black precipitate with a tinge of

brown foon appeared ; but no filver in its

metallic ftate could be oblerved
;

part of the

precipitate adhered to the phofphorus, and

part fell to the bottom of the phial.

In another experiment made in a phial not

fufficiently dried, a few fmall films of re-

duced filver were oblerved on the fides oi

the phial; but not a particle of filver in its

metallic form could be feen on the phof-

phorus.

Another bit of phofphorus was fufpended

in a diluted folution of nitrate of filver in

water: and in l'ome hours, the phofphorus

was covered with reduced filver.

The cafe of filver, which covered the

phofphorus, prevented its fpontaneous com-

buftion in the air ;
the fame was obferved

of the bit of phofphorus coated with gold.

Hence*
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Hence it appears, that M. Sage’s fuccefs

in reducing metals by phofphorus depended

on the water of the metallic folution.

Thefe experiments were often repeated

with nearly the fame refult; but fome va-

riety often occurs, depending on various cir-

cumftances; as the ftreng h of the metallic

folution, and that of the phofphorus ; the

quantity of water prefent, and the purity of
the materials employed.

It is difficult to obtain ether, or alcohol,

with the lead: poffible quantity of water ;

and equally difficult to expel all moifture

from the furface of glafs ; for this reafpn,

the bits of phofphorus in the experiments
made with alcohol and ether were fufpended
by threads, fo as not to touch the fides of
the glafs.

I ffiall conclude this chapter with a gene-
ral view of the inferences, which feem na-
turally to flow from thefe experiments with
phofphorus.

1. Water is efleutial to the reduction of
metals by phofphorus ; for thefe experiments
Ihow that the reduction is effected only in
proportion to the quantity of water prefent.

2. Phofphorus does not reduce the metals
by giving them phlogifton.

3. Phofphorus does not reduce the metals
by uniting with, and feparating, their oxy-
gen.

How then is the reduction effected ? are we
jiot to conclude, that it is effected by the de-

F 2 compofition
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compofition of the water, in the following

manner?
The phofphorus attradls the oxygen of the

water, while the hydrogen of the latter

unites, in its nafcent ftate, with the oxygen
of the metal, and effedts the reduction.

Hence it follows, that the phofphorus is

oxygenated by the oxygen of the water,

while the metal is reftored to its combuftible

ftate.

Thus what could never be effected by a

fmgle, is readily performed by a double affi-

nity ;
which always takes place in preference

to a hngle affinity, as the experiments of

Me firs. Monnet, and Kirwan, mentioned in

the preceding chapter, (how.

It is well known, that phofphorus kept in

water acquires an oxygenated cruft, which
could not happen without a decompolititin of

the water : this fadt ferves to confirm the ex-

planation here offered.

And indeed the decompolition of water in

thefe experiments muff be granted, or it muff

be fuppofed, that water itfelf reduces the

metals, by uniting with their earths, and

conftituting their phlogifton ;
or by uniting

with, and l'eparating, their oxygen ; luppo-

fftions repugnant to our prefent knowledge

of chymiftry.

CHAP-
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CHAPTER III.

Reduction of Metals by Sulphur.

Though sulphur, as far as my reading
extends, has feldom been confidered as a re-
ducer of the metals, yet as it holds a diftin-

guifhed rank among combuftible bodies, ana-
logy led me to examine its powers in reducing
and fixing the metals in the fibres of filk.

The vapour of fulphur appeared to be the
moft fimple form, in which it could be ap-
plied to this purpofe

; and may be obtained
by placing a phial containing flowers of ful-
phur in hot fand : as the fulphur melts, it

aflumes the form of vapour, which foon fills

the phial, expels the atmofpheric air, and
bears a confiderable heat, before it inflames ;

a bit of lilk, prepared for the experiment,
may be held over the vapour, as it iflfues
from the phial, or immerfed in it. The
neck of the phial fhould be of a convenient
fize for this purpofe.

.

But thefe experiments are more conve-
niently made by means of a l'ulphurous
match, and a glal's funnel, in which the filk
imbued with the metallic folution may be
fufpended by a thread palled through it, and

^ 3 made



*o Reductions by

made fait with a cork, which alfo ferves to

confine the vapour.

The glafs is then placed on a table, and

by moving it a little beyond the verge of the

fame, a lighted match is readily introduced,

which, as loon as the glafs is filled with va-

pour, may be withdrawn ; the vapour is con-

fined by making the glals glide back on the

table; and thus the phenomena of the ex-

periment can be eafily obferved.

Though the vapour obtained in this manner

be chiefly fulphurous acid gas; yet its effedts

are not lefs interefting on that account.

Exp. i. Gold.

A bit of filk was dipped in a folution of

gold in ether, and dried : it was then ful-

pended in the glafs funnel, and ex poled for

fome time to the vapour obtained from a

burning match : but no change c>.uld ’'e per-

ceived, except that the filk became a little

brown.
Another bit of filk, prepared in the fame

manner, was immerled in the vapour o: uil-

phur, formed in a phial placed in hot land,

with the lame refult.

Exp. 2. Gold.

A piece of filk was immerled in a folution

of nitro muriate of gold in water, lulpendid

in the glafs funnel, and expofed, while wet,

to vapour of fulphur, formed by a burning

match 5
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match ; no fooner did the vapour touch the

filk, than the reduction commenced ; and in

a few feconds the whole piece was covered

with a fplendid coat of reduced gold, per-

manent, and retentive of its luftre
; but had

a few {pecks of a dull violet hue.

The filk viewed by tranfmitted light ap-

peared of a beautiful blue colour; and being

removed from the vapour, and fufpended in

the air, began in about ten minutes to exhale

a vapour, which continued about two hours,

and fmelled acid, and pungent.

Another bit of filk, dipped in the lame fo-

lution of gold, and dried, was wetted with al-

cohol, and expofed to the fame vapour : the

filk acquired a brownifh hue ; and a fmall

white metallic film appeared on its lower end,

where the alcohol mod abounded : the filk

was then wetted with water, and replaced in

the vapour ; inftantly a lively purple with a

bright pellicle of reduced gold appeared.

Exp. 3. Silver.

A piece of filk was immerfed in a folution

of nitrate of filver in water, and fufpended
in the air of a dark clofet to dry ; the filk

retained its white colour, though it remained
in the air twenty-four hours ; it was then
expofed fourteen hours to the vapour obtain-
ed from a burning match

; but differed no
change, except that it acquired a brown
tinge : it was now wetted with alcohol, and

F 4 replaced
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replaced in the vapour for fome time
; no

figns of reduction appearing, it was wetted
again with the alcohol, and expoled to the

vapour
; but flill no figns of reduction could

be perceived : I then wetted the filk with dif-

tilled water, replaced it in the fulphureous
vapour

; and in about a minute reduced nlver

appeared. ' <

Exp. 4. Silver.

I dipped a bit of filk in afolution of nitrate

of filver in diftilled water, and expoled it,

while wet, to the vapour of fulphur, as in

the preceding experiment
;

in a few feconds

the lilver appeared in its metallic form, at-

tended with a variety of lively colours : the

moft remarkable of thefe were a pleafant

blue, orange, purple, and yellow, which
foon difappeared : the reduced filver alfo dif-

appeared in a great meafure, fome faint traces

only remaining. The filk was removed from
the vapour into the air, but exhaled no va-

pour, as happened in experiment the fecond.

A fmall bit of fulphur was fufpended in a

phial containing a folution of nitrate of filver

in water ; and after fome weeks the fulphur

was coated with reduced filver of no great

luftre.

Exp. 5. Platina.

A bit of filk was immerfed in a folution

of nitro-muriate of the ore of platina in dif-

tilled
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tilled water, and dried in the air ; it was then

fufpended in the glafs funnel, and expofed to

the vapour of a burning match : but nofigns

of reduction could be obferved : the (ilk re-

tained the colour, the lolution gave it.

Another bit of filk was dipped in the lame

folution of platina, and expofed, while wet,

to the fulphureous vapour ; in a few leconds

the reduction was very evident. The filk was
immerged in a glafs of clear water, and
transferred bright films of reduced platina to

the furface of that fluid ; moft of them were
of the fame colour as the lpangles in the ore

of platina
;
and fome were didinguilhed by

lively blue and purple colours.

Another bit of filk, dipped in the fame
folution of platina, was immerfed, while
wet, in the vapour of fulphur, formed in a

phial placed in hot land
; the reduction foon

commenced, and was much more perfedl,

and permanent, than in pieces expofed to the
vapour obtained from ignited matches.

It is remarkable that fulphur reduced this

metal much better, than phofphorus or hy-
drogen gas did : but the reduced platina dis-

appears after fome time, and leaves nothing
behind but a brown llain.

If the films be transferred from the filk to
water, they may be prelerved in their me-
tallic form.

Exp.
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Exp. 6. Mercury.

A bit of filk wasimmerfed in a folution of
nitrate of mercury in diftilled water, and
dried

;
parts of the filk immediately acquired

a {late colour: the filk was then ex poled to

the vapour of lulphur, obtained from a burn-

ing match ; but it buffered no change, except

that the colour became a little more intenfe.

Another bit of filk was dipped in the fame

folution-of mercury, and expofed, while wet,

to the fame vapour: the reduction inftantly

commenced in a very evident manner, ac-

companied with feveral colours, as blue, pur-

ple, and yellow.

The filk was removed from the vapour,

and foon loft moft of its luflre, which was

fucceeded by ,a (late colour, through which

home particles of reduced mercury were ob-

ferved to fhine.

Exp. 7. Mercury.

A bit of filk was immerfed in a folution

of oxygenated muriate of mercury in water,

and dried in the air : it was then expofed to

the fulphureous vapour obtained from a burn-

ing match ; but the filk underwent no vilible

change. This folution of mercury does not

changre the white colour of filk, as that of

nitrate does.

Another bit of filk was dipped in the fame
' folution
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folution of oxygenated muriate of mercury,

and expofed, while wet, to the vapour ; in

a few feconds reduced mercury appeared, un-

attended by any colour, except a flight tinge

of citron yellow on part of the filk. After

fume time the whole of the reduced mercury

vanifhed.
i

Exp. 8. Copper.

A piece of filk was immerfed in a folution

of lulphate of copper, and dried ; it was then

fufpended in the glafs funnel, and expofed to

the vapour obtained from a burning match ;

but the filk fulfered no change, retaining the

colour, which the folution gave it.

Another bit of filk was dipped in the fame

folution of copper, and expofed, while wet,

to the vapour of an ignited match ; in a fhort

time a white metallic film appeared, accom-

panied with a brown tinge : the filk becom-

ing dry, was wetted with water, and expofed

to a brilk vapour from another match : the

film became more evident, and parts of it

verged on yellow, bordering on a copper co-

lour. After fome time this white metallic

film difappears, and nothing remains but a

light brown ftain.

Exp. 9. Lead.

A bit of filk was immerfed in a folution of
acetite of lead in di {filled water, and dried in

the air : it was then expofed to the fulphu-

1 reous
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reous vapour of a burning match
; but un-

derwent no vifible change whatever.
Another bit of filk was dipped in the fame

folution of lead, and expofed, while wet, to
the vapour

; reduced lead loon appeared all

over the filk
; but after fome time this re-

duced lead difappears, unlefs it be transferred
to the furface of water.

Exp. io. Tin.

A bit of filk was immerfed in a folution

of muriate of tin in diftilled water, and dried

in the air : it was then expofed to the vapour
obtained from a burning match, which foon

filled the gials ; but produced no vifible

change on the filk.

Another bit of filk was dipped in the fame
folution of tin, and expofed, while wet, to

the fulphureous vapour ; and in a few fe-

conds reduced tin appeared all over the filk ;

but the tin foon difappears, if not transferred

to water.

Exp. ii. Arsenic.

A bit of filk was immerfed in a folution of

muriate of arfenic in diftilled water, and

dried in the air ; it was then expofed to the

vapour of lulphur, obtained from a burning

match ; but the filk fuffered no apparent al-

teration.

Another bit of filk was dipped in the fame

folution of arfenic, and expofed, while wet.
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to the vapour : in a few feconds the arfenic

was reduced, but not in a very evident man*
mer ; the filk was immerged in water, and

feveral bright films of reduced arfenic floated

on the lurface of that fluid.

Exp. 12. Bismuth.

A bit of filk was immerfed in a folution of
nitrate of bifmuth in diftilled water, and
dried in the air; it was then expofed to the

vapour of fulphur obtained from a burning
match

; but no ligns of reduction appeared.

Another bit of filk was dipped in the fame
folution Of bifmuth, and expofed, while wet,
to the fulphureous vapour; the bifmuth was
foon reduced, accompanied with a brown
fliain : but the metallic luftre foon difappeared.

Exp. 13. Antimony.

A piece of filk was immerfed in a folution
of tartarite of antimony in water, and dried

;

it was then expofed to the vapour of a burn-
ing match ; but no change could be obferved

;

nor did the filk immerged in water depofit
any films on its furface.

Another piece of filk was dipped in the
fame folution ot antimony, and expofed,
while wet, to the vapour : the filk, in a few
feconds, acquired a yellow colour, and a
bright bluifh film of reduced antimony ap-
peared on the lower end of the filk, where
the water was moft abundant : the filk was

then
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then immerged in a glafs of water, and trans-

ferred a large pellicle of reduced antimony to

the furface of that fluid.

Exp. 14. Iron.
» \

A bit of fllk was immerfed in a largely

diluted folution of fulphate of iron in dif-

tilled water, and dried in the air ; it was then

expofed to the vapour of fulphur obtained

from a burning match ; after lome time the

colour of the filk became a little; brown ; but

no reduced iron could be feen ; nor Jid the

lilk immerged in a glafs of clear water trans-

fer any thing metallic to its furface.

Another hit of filk was dipped in the fame

folution of iron, and expofed, while wet, to

the fulphureous vapour ; in a fhort time the

fllk was withdrawn, and a minute fhining

film, of a livid white colour, was vifible on

its lower margin, where the water moff

abounded : the filk was then immerged in a

glafs of water, and transferred a large film of

reduced iron to its furface.

This experiment fucceeded alfo with the

vapour of fulphur formed in a phial placed

on hot fand. The films of reduced iron were

feldom vifible on the filk ; but were foon

rendered vifible, by transferring them to

water.

Exp.
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Exp. 15. Zinc.

A piece of (ilk was dipped in a diluted fo-

lution of- lulphate of zinc, and dried
; it was

then cxpoled to the vapour obtained from a

burning match ; no change whatever could

be perceived : the filk was immerged in a

glafs of water, but depofited no film on its

lurface.

Another piece of filk was dipped in the

fame folution of zinc, and immerfed while

wet in the vapour of fulphur formed in a

phial placed on hot land
; in about half a

minute the filk was withdrawn from the va-
pour, and fome parts of it had a fhining livid

appearance, which I took for reduced zinc :

in order to determine if the reduction were
real, the filk was immerged in a glafs of
clear water, and transferred to its furface a
bright film of reduced zinc.

If the filk be kept too long in the vapour,
fome fulphur will be condenfed on its fur-
face, and give it a yellow colour: if it be then
dipped in a glafs of water, it will depofit
lx)th the fulphur, and the metallic films on
its furface

; but the appearance of the ful-

phur is fo different from that of the reduced
metal, that they are eafily diffinguifhed.

Another bit of filk was immerled in a
largely diluted folution of muriate of zinc,
and expofed, while wet, to the vapour ob-
tained from a burning match : the filk being

withdrawn
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withdrawn exhibited a few minute (liming
films on its lower end, and on immerfion in

water, left bright films of reduced zinc float-

ing on the furface of that fluid.

Very often thefe films cannot be feen, un-
til they are transferred to water, which I

found a very uleful teft in doubtful cafes :

they are better feen in the gray light than in

funfhine.

Thefe experiments on the reduction of me-
tals by fulphur were often repeated with
nearly the fame refult : but fome variety oc-

curs depending on the quantity of water pre-

fent, the fhength of the metallic folution,

and fulphureous vapour, and alfo on the time

the filk is expofed to the vapour.

When the experiments are made in a phial

placed in hot fand, part of the metallic fo-

lution frequently drops from the filk, and
falling on the bottom, or fides of the phial,

is reduced, covering thefe parts with a me-
tallic cruft; on which the fulphur foon re-

acts, and changes the greater part into a lul-

phure. The phial commonly cracks.

The following conclufions are deducible

from the experiments related in this chapter.

1. Water is efi'ential to the reduction of

metals by fulphur ; for this efledt is always

in proportion to the quantity of water pre-

fent.

2. Alcohol docs not promote thefe reduc-

tions without the aid of water.

3. Sulphur does not reduce the metals by
giving



giving them phlogifton ;
nor by uniting with

and feparating their oxygen ;
for were either

of thefe opinions juft, the fulphur, fo mi-

nutely divided by heat, fhould reduce metal-

lic folutions.in alcohol as effectually as it does

metallic folutions in water.

When we compare thefe reductions by

fulphur, with thofe effected by phofphorus,

and confider that water is eflential to both ;

we muft conclude, that the reduction is ef-

fected in the fame manner, viz. by the de-

compofition of water ; which may be thus

explained.

The fulphur attracts the oxygen of the

water, while the hydrogen of the latter unites,

in its nafcent ftate, to the oxygen of the me-
tal, and reftores it to the metallic form.

Hence it follows, that the fulphur is oxy-
genated by the oxygen of the water, while

the metal is reftored to its combuftible ftate.

It alfo follows, that a quantity of water
equal to that confumed is formed by the hy-
drogen of the water, and the oxygen of the

metal.

This explanation is fupported by a fine ex-

periment of Dr. Prieftley, who obtained in-

flammable air by palling the vapour of water
through fulphur heated in an earthen tube* ;

and farther confirmed by the experience of
fome judicious makers of oil of vitriol, who

* Prieftley, Vol. VI. p. 150.

G always
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always fprinlde the fulphur with a certain
proportion of water, before they inflame it.

The decompofition of water in thefe re-

ductions muff be granted, or it muft be fup-
pofed, that a Angle takes place in preference
to a double affinity ; which Cannot be ad-
mitted.

Thefe experiments point out feveral errors

in M. Lavoifier’s Table of the Affinities of
the Oxygenous Principle

;
for he has placed

lulphur at a much greater diftance from that

principle than any of the metals treated of in

this chapter, except gold
; and even in this

mfrance his table is erroneous, unlefs it be
proved, that fulphur reduces metals by di-

rectly uniting with, and feparating their oxy-
gen ; a iUppofltion which implies, that the

reduction is effected by a Angle affinity ; and
therefore inadmiflible.

I (hall clofe this chapter with a fhort ex-

tract from the chemical eflays of Bifhop

Watfon
;

as it feems to have feme relation

to the experiments related here.

His lordfhip fays, that his experiments on
44 the Derbylhire lead ore inftruCt us to be-
44

lieve, that the lead in this kind of ore is

44
in its metallic ftate ; as the ore was chang-

44 ed into lead without the addition of any
44 fubftance containing the inflammable prin-
44 ciple *.’*

But the reduction of lead by fulphur and

* Chem. EfTays, Vol. III. p. 219.

water,
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water, related in this chapter, points out an
evident fource of the inflammable principle ;

for the ore itfelf muft contain fome water, a

conftituent part of which is hydrogen, or the

bafe of inflammable air : belide his lordfhip

thinks, no appearance of lead would have
taken place, had there been no communica-
tion with the external air : but as air always
holds water in folution, an ample fource of
the inflammable principle is evident.

)

G 2 CHAP-
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CHAPTER III.

Reduction of Metals by Alkaline Sulphur e.

The Sulphure, I made life of, was pre-

pared by fufing equal parts of carbonate of

potafh, and flowers of fulphur, till the ef-

fervefcence ceafed.

M. Gengembre has made a very important

obfervation on alkaline fulphure, prepared in

this way, which is, that this fubftance has

no fmell, and that it exhales no gas, while it

continues dry ;
but that, when it is difl'olved

in water, or attracts humidity from the air,

it diffufes an offenfive fmell.

From this circumftance M. Gengembre
inferred, that the difengagement of this gas

depended on the decompolition of water ; for

he difcovered both by analyfls, and fynthefls,

that this air conlifts of hydrogen, one of the

principles of water, combined with fulphur,

and caloric.

T here can then be no doubt, but alkaline

fulphure has the power of decompofing wa-

ter
;
and may therefore be happily employed

to illuftrate the mode of adtion of fulphur,

and other combuftible fubftances, treated of

in this elfay.

When
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When diluted acids are poured on folid al-

kaline fulphure, the decompofition of the

water is promoted, and accelerated, fulphu-

rated hydrogen gas being formed in great

abundance.

I made two folutions of this alkaline ful-

phure, one in water, and the other in al-

cohol.

Exp. i. Gold.

A bit of filk was immerfed in the folution

of fulphure in alcohol, and then a folution of
gold in ether was applied : a brown matter
was formed in the flk ; but no reduced gold
could be perceived.

Another bit of filk was dipped in the fame
folution of fulphure in alcohol, and a folution
of nitro-muriate of gold in water was ap-
plied

; a white metallic film was flowly form-
ed ; but no other figns of reduction were
vifible.

This experiment was repeated on another
bit of filk, with this difference, that the fo-
lutions of the gold, and lulphure, were both
in water ; and the white metallic film was
inffantly foimed, accompanied by a confide-
rable precipitate of a brown matter.

It is obvious then, tiiat water accelerates,
and is neceflary to the appearance of this
film : for when both folutions were in wa-
ter, it appeared much fooner.
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Exp. 2. Gold.

A piece of (ilk was immerfed in an aqueous
folution of gold, in which the acid predomi-
nated, then a few drops of the aqueous fo-

lution of fulphure were applied : a white pel-

licle, which looked like filver, was immedi-
ately formed, and the filk got a deep brown
colour.

To another piece of filk, dipped in the

fame folution of gold, the folution of ful-

phure in alcohol was applied, a white metal-

lic film appeared ; but not fo evident, or fo

loon, as in the preceding experiment, where-
in the folution of fulphure in water was
ufed: belide the film produced by the aqueous

folution of fulphure was more permanent,

and the fhin, which the filk acquired, was
more intenfe, than thofe produced by the

lolution of fulphure in alcohol.

Exp. 3. Silver.

I immerfed a piece of filk in a folution

of the fulphure in alcohol, and after mod of

the fpirit evaporated, a folution of nitrate of

filver in alcohol was applied : nothing appear-

ed on the filk, but a brown ftain. The ni-

trate of filver, ufed in this experiment, was

fufed, to expel as much water as pollible.

Another piece of lilk was dipped in the

fame folution of lulphure ;
when mod o!

the alcohol evaporated, a folution of crydal-

1 lized
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lized nitrate of filver in water was applied to

the filk ; and inftantly the metallic luftre of
the filver appeared, attended with a brown
{lain.

Exp. 4. Silver.

A piece of filk was dipped in the folution

of alkaline fulphure in water, and an aqueous
folution of cryftallized nitrate of filver was
applied

; the filver was immediately reduced
in greater quantity than in the preceding ex-
periment, in which the alkaline lulphu re- em-
ployed was diflolved in alcohol. The {lain

produced in the filk was alfo more intenfe.

Exp. 5. Silver.

A bit of filk was immerfed in a folution
of the fulphure in water, and then a folution
of nitrate of filver in alcohol was applied :

but nothing appeared on the filk, except a
brown {lain. The nitrate of filver, ufed in
this expei iment, was fuied, which deprived
ii of a gieat part of its acid. That this was
the circumftance, which prevented the re-
dudion of the filver, appears from the fol-
lowing experiment.

A bit of filk was immerfed in the fame
folution of filver in alcohol, then fome di-
luted nitric acid was applied, lafily the
aqueous folution of fulphure was dropped on
the filk : and inftantly the filver was reftored
to its metallic fplendour. It is evident then,

G 4 that
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that acids contribute to the reduction of filver

by alkaline fulphure, which they effedt by
promoting the decompolition of water.

In fome time the reduced filver difappears

for the moft part : and indeed the white me-
tallic films, which were produced in the ex-

periments on gold, totally dilappeared.

Exp. 6. Platina.

A bit of filk was immerfed in a folution of

nitro-muriate of the ore of platina in diftilled

water, and dried
;
then the folution of ful-

phure in alcohol was dropped on the filk :

nothing appeared but a brown ftain.

Another bit of filk was dipped in the

aqueous folution of fulphure, and a little of

the folution of platina applied ; in a fhort

time, a film of reduced platina appeared.

To another bit of filk, which was dipped

in the folution of platina, a few drops' of dif-

tilled vinegar were applied, and then the fo-

lution of fulphure in water was added ;
a

brown ftain was immediaaely produced, and

more platina reduced than in the preceding

experiment.

Exp. 7. Mercury.

To a bit of filk, which was immerfed in a

folution of oxygenated muriate of mercury

in water, and dried in the air ; fome of the

folution of fulphure in alcohol was applied ;

but
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but no change, except a light yellowifh

brown, was produced.

After the filk was fome time expofed to the

air, fome very faint (hades cf black were vi-

fible on parts of it.

To a piece of (ilk, which was immerfed
in the folution of fulphure in water, fome
of the fame folution ot mercury was applied ;

immediately the metal was reftored to its me-
tallic luftre, in a very ftriking manner

; and
it was remarkable, that the precipitate on the
(ilk was very fmall.

This experiment was repeated with this

difference, that the filk was hrff wetted with
diftilled vinegar : and more of the mercury
was reduced, than in the preceding expe-
riment, attended with an olive precipitate,

which gradually turned blackifh : the quan-
tity of precipitated matter in this was much
greater than in the former experiment

; but
the reduced metal was- not fo brieht.O

Exp. 8. Mercury.

A bit of filk, which was dipped in a fo-
lution of nitrate of mercury, and dried in the
air, had no change produced on it by a folu-
tion of fulphure in alcohol, except a ffain

compounded of the hate colour, which the
nitrate imparts, and the yellow of the ful-
phure.

To another bit of filk, which was im-
merfed in the aqueous folution of fulphure,

fome
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fome of the fame folutioti of mercury was
applied : the metal was immediately reduced

;

and a very black ftain attended the reduction.

Exp. 9. Copper.

A piece of filk was dipped in a folution of

fulphate of copper, and dried in the air
; a

folution of the fulpbure in alcohol was ap-

plied to it ; but no change, except a brown
ftain, was produced.

To another bit of ft lk, immerfed in the

aqueous folution of fulphure, fome of the

fame folution of copper was applied : a white

metallic film wras llowly formed, attended

with a brown colour.

On another bit of filk, which was dipped

in the fame folution of copper, and placed

on a faucer, fome diftilled vinegar was drop-

ped, and then a few drops of the aqueous fo-

lution of fulphure were added : immediately

a white metallic film appeared in greater

quantity than in the preceding experiment.

Exp. 10. Lead.

A piece of filk was immerfed in a folution

of acetite of lead in diftilled water, and dried

in the air ;
then the folution of fulphure in

alcohol was applied : but nothing appeared

on the filk, except a brown ftain.

A bit of the fame filk was dipped in the

fame folution of lead, then the folution of

fulphure in water was applied : the lead was

foon
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1

foon reduced to its metallic ftate : a brown
Haiti, and precipitate of the fame colour, at-

tending the reduction.

The fame experiment was repeated with

this difference, that the {ilk was firft wetted

with diftilled vinegar, and inftantly the lead

was reduced of greater luftre, and in greater

quantity, than in the preceding experiment.

This experiment was tried on a bit of
white calico, dipped in diftilled vinegar, and
placed on the palm of my hand ; and in-

ftantly the metallic luftre of the lead, which
was reduced in great quantity, appeared in a
very remarkable manner, attended with a

brown ftain.

Exp. 11. Tin.

To a bit of {ilk dipped in a folution of mu-
riate of tin in diftilled water, and dried in the
air, the folution of fulphure in alcohol vyas
applied : nothing appeared .but a brown ftain.

Another bit of lilk was immerfed in the
folution of fulphure in water, then the fame
folution of muriate of tin was applied

; in a
ftiort time fome reduced tin appeared on the
iilk. Vinegar promoted the reduction of this
metal alfo, in a remarkable manner.

Exp. 1 2. Arsenic.

A bit of lilk was immerfed in a folution
of muriate of arfenic in diftilled water, and
dried in the air: the folution of fulphure in

alcohol
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alcohol was then applied: the filk firft look-
ed )' el low, in a lhort time the yellow colour
aim oft entirely difappeared, leaving behind a
whitnh precipitate

j but no other change was
produced.

Another bit of filk was dipped in the fo-

lution of fulphure in water; then fome ot

the fame folution of arfenic was applied ; a

yellow precipitate was formed
; and ftiortly

after, this precipitate was furrounded by a

violet margin
; but no other change could be

obferved.

I immerfed another bit of the fame filk in

,
the fame folution of arfenic, fome diftilled

vinegar was then dropped on it
; and laftly

the aqueous folution of fulphure was ap-
plied : after fome time, a few minute films of
reduced arfenic bright as filver were vifible.

Some attention is necefiary to difeever the
reduced arfenic, as the particles reduced are

few, and minute
; and fometimes none can

be feen.

Exp. 13. Bismuth.

To a bit of filk, which was dipped in a

folution of nitrate of Bifmuth in diftilled

water, and dried in the air, the folution of
fulphure in alcohol was applied : the filk ap-

peared firft yellow, then brown; but no far-

ther change could be obferved.

Another bit of filk was immerfed in the

folution of fulphure in water
; fome of the

fame
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fame folution of bifmuth was then applied to

it;' the metal was immediately reduced; and
a brown precipitate was formed. Vinegar
feems neither to promote, nor retard the re-

duction.

Two bits of white calico were dipped in
the fame folution of bifmuth ; to one of thefe

placed on a laucer fome diddled vinegar was
added

; then a tingle drop of the folution of
fulphure in water was applied; and the whole
of the calico., except that part on which the
drop fell, was covered with reduced bifmuth,
which looked exceedingly bright : the fame
appearance was obferved on the other bit, to
which no vinegar was added.

Exp. 14. Antimony.

do a bit of filk, which was dipped in a
Solution of tartarite of antimony in diddled
water, and dried in the air, the folution of
lulphure in alcohol was applied ; the filk
got a yellow colour, whole margins, fome
time after, acquired an orange hue

; but no
other change was perceived.

. ^
not ’ler bit of the fame filk was immerfedm the aqueous folution of fulphure, the fame

lolution of antimony was then applied
: part

ot the metal was reduced, though in fmall
quantity, attended with an orange precipitate.

1 he acids of vinegar, and tartar, feemed
o impede the reduction

; the muriatic acid

alfo
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alfo fcemed to have the fame effect, though
not in fo great a degree as the two former.

Exp. 15. Cobalt.

To a bit of {ilk, which was dipped in a

folution of nitrate of cobalt, and dried in the

air, the folution of fulphure in alcohol was

applied ; the {ilk foon became brown ; but

no farther change could be perceived.

To another bit of filk, which was im-

merfed in the folution of fulphure in water,

a few drops of the fame folution of cobalt

were applied : the filk immediately acquired

a dark colour, and, in a little time, fome of

the metal was reduced, attended with a dull

blue precipitate, which changed to a blackifh

,
brown.

Muriate of cobalt was reduced in the fame

manner : vinegar promoted the redudtion of

both thefe preparations of cobalt.

1 /

Exp. 16. Iron.

To a piece of {ilk, which was immerfed in

a folution of fulphate of iron largely diluted,

and dried in the air, the lolution of fulphure

in alcohol was applied : the filk foon became

black ; but no other change could be per-

ceived. /

Another bit of filk was dipped in the folu-

tion of fulphure in water, fome of the fame

folution of iron was then applied : the lilk

inftantly afl'umed a black colour ;
but no re-

duced
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tluced iron appearing, it was immerged in a

glafs of water, and transferred a bright film

of reduced iron to the furface of that fluid.

Sometimes part of the film has not the

metallic luftre, which is very evident in other

parts of it ; fa that the parts completely re-

duced can be eafily diftinguifhed from the
dull and imperfectly reduced black oxid of
iron, intermixed with thefe bright films.

The fame experiments were repeated oil

bits of calico with the fame refult : the calico

from its fpongy texture is' better fuited to

produce ft-rong films than filk is.

Vinegar did not promote the reduction of
iron in thefe experiments.

\

Exp. Zinc.

To a bit of filk, which was immerfed in a
largely diluted folution of muriate of zinc,
and dried in the air, fome of the folution of
fulphure in alcohol was applied

; nothing ap-
peared on the filk, but the yellow colour,
which the folution of fulphure imparts.

Another bit of filk was dipped in the folu-
tion of fulphure in water, and fome of the
fame foiution of zinc was applied : the yel-
low colour, which the folution of fulphure
gave the filk, loon became white

; but no
reduced zinc could be feen. The filk was
then immerged m a glafs of clear water, and
transferred a bright film of reduced zinc to
its lurface.

In
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In another experiment, made with white
calico, the pellicle transferred to the furface

of water was brighter ; and more zinc was
reduced, than in the preceding experiment.

Sulphate of zinc alfo was reduced both on
filk, and calico, with this difference that

black, and olive, precipitates, attended the re-

duction.

Exp. 18. Manganese.

I dipped a bit of filk in a diluted folution

of nitrate of mangaiiele, and dried it in the

air ; the folution of fulphure in alcohol was

then applied : the filk acquired a yellow co-

lour, which foon difappeared ; but no other

change could be obferved.

To another bit of filk, which was immerfed

in the folution of fulphure in water, a drop

of the fame folution of manganefe was ap-

plied : inftantly a pearl-white precipitate was

formed, the margin of which foon acquired

a bright film of reduced manganefe. Under

this film a violet tinge, was evident.

The nitrate of manganefe ufed in this ex-

periment was very acid.

A folution of alkaline fulphure in wrater

after a certain length of time lofes the power

of reducing the metals, in which refpeCl it

refembles an old lolution of fulphate ot iron.

Having procured a more neutral lolution

of nitrate of manganefe, I immerfed a. bit of

filk in the folution of fulphure in alcohol,

when
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when moll of the fpirit evaporated ; a fingle

drop of this folution of manganefe was ap-

plied; inftantly a bright film of reduced

manganefe appeared, attended with a violet

tinge, and a brown precipitate. After l'ome

time the violet tinge difappears.

On another bit of filk immerfed in the

fame folution of fulphure in alcohol, a drop
of a folution of fulphate of manganefe in dif-

tilled water was applied : inftantly films of
reduced manganefe bright as filver appeared,

accompanied with a faint violet tinge, and a

pearl-white precipitate. Thefe films foon dif-

appear.

A folution of alkaline fulphure in alcohol
does not by age lofe its power of reducing the
metals, as that in water does ; I kept the
former folution more than two years, and
found it, at the end of that time, as capable
of reducing the metals, as when it was made.

It is manifeft from the experiments related
in this chapter,

1. That water is eflential to the redu&ion
of metals by alkaline lulphure.

2. 1 hat alcohol does not promote thefe re-
ductions, without the aid of water.

3. That alkaline lulphure does not reduce
the metals by giving them phlogifton

; nor
by uniting with, and leparating, their oxygen ;

for were either of thele opinions true, a folu-
tion of alkaline lulphure in alcohol fhould re-
duce them as effectually, as a folution of the
fame in water does.

I-I 4. That
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4. That acids contribute to thefe reduc-

tions by promoting the decompofition of

water.

Now finceM. Gengembre has demonftrated,

that water is decompofed by alkaline ful-

phure ;
who can doubt, that it is decompofed

in thefe redudtions ?

The manner, in which metals are reduced

by this fubftance, feemsto be the following.

An hydrure of fulphur, that is, a combi-

nation of hydrogen, and fulphur, is formed :

this hydrure of fulphur attra&s the oxygen

of the water, while the hydrogen of the lat-

ter unites, in its nafcent fate, with the oxy-

gen of the metal, and reduces it.O '

The experiments in this chapter leave us

no room to doubt of the decompofition of

water in metallic reductions by alkaline ful-

phure, and ferve to illulfrate, and confirm,

the manner, in which fulphur, phofphorus,

and other combuftible bodies, effeft the re-

duction of metals.

chap-
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CHAPTER V.
, \

REDUCTION of METALS

,
by

SULPHURATED HYDROGEN GAS.

Having treated of the effefls of hydro-
gen gas, and fulphur, feparately, I (hall next
treat of their effects, when combined in the
form of fulphiirated hydrogen gas.

I obtained this elaftic fluid by pouring
water, acidulated with fulphuric acid, on al-
kaline fulphure, prepared in the manner
mentioned in the preceding chapter; but had
it been prepared with a cauftic alkali, it is

piobable, the gas would be more powerful.
The fulphure of the (hops is generally unfit
for thefe experiments.

,

It is neceflary in experiments with ful-
phurated hydrogen gas, hydrogen gas, &c.
to have fome mode of conveying them into
a chimney

; as they are offenfive, and un-
wholefome.

Exp. i. Gold.

A piece of filk, which was immerfed in a
folution of nitro-muriate of gold in water,
and dried in the air, was expofed to fulphu-
rated hydrogen gas : the filk got a flightn °

.
^o 2 tinceO
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tinge of brown
; but no other change oc-

curred : it was then wetted with alcohol, and
after fome time, the brown became more in-

tenfe
;

and white films appeared on fome
parts of the filk, owing to moifture colledfed

from the gas, which is always replete with

water.

Another bit of filk was dipped in the fame

folution of gold, and expofed, while wet, to

the gas : the yellow colour, which the folu-

tion of gold gave the filk, was immediately

changed to a brown ;
and a white metallic

pellicle appeared, and covered the whole fur-

face of the filk oppofed to the gas ; but no

purple, or other colours, that ufually attend

the reduction of this metal by other agents,

could be perceived. This peilicie did not

entirely disappear, as the filk became dry;

though it loft moft of its luftre, and looked

more like filver, or fome other white metal

imperfectly reduced, than gold.

This elaftic fluid, and alkaline fulphure,

have an efifed on the reduction of gold, very

different from that of the vapour of fulphur,

obtained from a burning match, which fur-

ther appears from the following experiment,

made with lulphurated hydrogen gas, that

happened to be mixed with fome fulphurous

acid gas.

Exp. 2. Gold.

A piece of filk, which was dipped in a

folution of gold in ether, and dried in the

air,



Sulphurated Hydrogen Gas. ioi

air, was expofed to a current of fulphurated

hydrogen gas, containing fome fulphurous

acid gas ; but no iigns of reduction could be

perceived : the filk was then wetted with al-

cohol ; hill no viiible change was produced,

except a brown (lain, where the alcohol mod:
abounded : this ftain, after fome minutes ex-
pofure to atmofpheric air, was covered with
a white metallic film, which foon difap-

peared : after fome minutes, the filk was
wetted with water, and expofed again to the
gas ; a white metallic film immediately ap-
peared, and the brown ftain began to change
flowly to a purple

; the filk was foon co-
vered with various colours, as blue, red, and
orange

; and fome fpots of reduced gold of
its own proper colour appeared : after fome
time the white film, and all the colours, ex-
cept the purple, difappeared : fome fpecks of
the perfedtly reduced gold were permanent.

Another bit of filk, which was immerfed
in an aqueous folution of gold, and expofed
to the fame mixed gas, exhibited nearly the
fame appearances.

Exp. 3. Gold.

Having found that fulphurated hydrogen
gas had a powerful effect in reducing other
metals, 1 was delirous of trying its effects on
a larger fcale, thinking it might be attended
with more fuccefs : 1 therefore immerfed a
quaiter of a yard of filk in an aqueous folu-

H 3 tion
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tion of gold, and expofed it, while wet, to

this gas in clofe vefifels : the filk was foon

covered with a white metallic pellicle, which
difappeared in a fhort time : the experiment

was continued about twelve hours, and, on

withdrawing the filk from the gas, I could

not perceive the fmallefl veflige of reduced

metal, or purple, or other colours, that con-

flantly attend the reduction of gold.

The filk had a dull brown hue verging on

a flate colour.

Exp. 4. Silver.

A piece of filk, which was immerfed in a

folution of nitrate of filver in water, and

dried in the air, was expofed to a current of

fulphu rated hydrogen gas ;
but no change

could be perceived for fome time ;
at length,

when the filk collected moifture from the gas,

fome particles of reduced filver were vifible,

accompanied by a brown flam.

Another piece of filk was dipped in the

fame folution of nitrate of filver, and ex-

pofed, while wet, to the gas : the filver was

inflan tly reduced all over the fide of the filk

oppofed to the current : a great variety of

beautiful colours, as red, orange, yellow,

green, and blue, attended the reduction

:

mofl of thefie difappeared; but part of the

filver remained permanently reduced.
.

.

1 found, that, if the filk be immerfed in

a folution of filver in alcohol, and dried, and

then
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then moifrened with water, and expofed,

while wet, to the gas, none of thefe colours

appear.

This experiment was repeated on a quar-

ter of a yard of filk in clofe veflels, and im-
mediately both lides of the fiik were covered

with reduced lilver, attended with the fame
beautiful colours : the filk was left expofed to

the gas feven or eight hours
; and being then

examined, no reduced filver could be feen :

nothing remained, but a ftrange medley of
colours, chiefly blue, green, purple, and
orange, unequally mixed, fome prevailing
more than others in certain parts of the filk :

however the die is by no means difagreeable.

Exp. 5. Silver.

A piece of filk, which was immerfed in a
folution of fufed nitrate of filver in alcohol,

and dried in the air, was expofed to a current
of the gas

; but no change could be perceived
for fome time : it was then wetted with al-

cohol, ftill no alteration could be obferved,
till the filk attracted moifture from the gas,
when fmall particles or reduced lilver began
to appear, attended with a brown {lain.

If the filk immerfed in the folution of fil-

ver in alcohol, and expoied while wet to the
gas, be kept cqnfhtntly wet with alcohol,
thefe appearances take place fooner.
A piece of filk, which was dipped in a fo-

lution of muriate of filver in ammonia, and
H 4 expofed,
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expofed, while wet, to the gas, had in a
fhort time its furface covered with reduced
lilver : hut another piece of (ilk dipped in the
fame folution of lilver, and dried, underwent
no fuch change.

Exp. 6. Platina.

A bit of fdk, which was dipped in a fo-

lution of nitro-muriate of the ore of platina

in diftilled water, and dried in the air, was
, expofed to a current of fulpburated hydrogen
gas ; but underwent no perceptible change.

Another bit of filk was immerfed in the

fame folution of platina, and expofed, while
wet, to the gas; the whole lurface of the

filk, oppofed to the current, was inftantly

covered with reduced platina, which loon

loff its luftre
;
nothing remaining but a brown

colour, with lome taint veftiges of the re-

duced metal.

This experiment was repeated on a bit of
linen with the fame refult.

Exp. 7. Mercury.

A bit of filk, which was dipped in a folu-

tion of oxygenated muriate of mercury in

diftilled water, and dried in the air, was ex-

pofed to a current of the gas
;

the only vilible

change produced was a flight lhade of yellow

on part of the filk.

Another bit of filk was immerfed in the

fame folution of mercury, and expofed, while

wet,
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wet, to the gas : the mercury was immedi-
ately reduced

; but foon loft its luftre : the

gas reading changed raoft of it to a fub-

ftance of a dull white colour.

The fame experiments were made with ni-

trate of mercury, with the fame refult.

Exp. 8. Copper.
.

' \

A bit of filk was immerfed in a folution of
fulphate of copper in diftilled water, and fuf-

pended in the air to dry-; it was then expofed
to a current of the gas : the filk aflumed a

brown colour
; but no other change appeared.

Another bit of filk was dipped in the fame
folution of copper, and expofed, while wet,
t0 the gas : a white metallic film, attended
with a brown ftain, immediately appeared:
iome parts had a yellow film approaching to
the colour of copper : thefe films all difap-
peared, leaving - behind a brown ftain : the
parts, which were covered with the yellow
film, refembling copper, exhibited, after fome
time, a dull bluifh dilagreeable matter.

r

Exp. 9. Lead.

Having dipped a piece of filk in a folution
of acetite of lead in diftilled water, and
dried it in the air, I expofed it to a ftream of
the gas : the filk became a little brown

; but
110 other change could be obferved.

Another bit of filk was immerfed in the
fame folution of lead, and expofed while wet

to
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to the gas ; no focner did it touch the filk,

than a brown tinge diffufed itfelf, like a pal-

ling lhadow, over the whole furface of the

Elk, accompanied with a bright coat of re-

duced lead, which refembled iilver.

The brown tinge, which the lilk acquires,

refembles what happens when white paper

is (lightly iinged by holding it near a burn-

ing body.

This experiment was repeated on a quarter

of a yard of lilk in dole velfels
; and the

lilk was immediately covered with a coat of

reduced lead, which had the brilliance of lil-

ver, and was attended with a brown tinge :

the experiment was continued feveral hours,

after which the lilk was examined, and found

to have loll all the argentine luftre, which

was fucceeded by a fparkling gray die: a

fulphure of lead, or galena, being formed

in the fibres ' of the lilk. The fame experi-

ment was repeated on two other pieces of lilk

with the fame refult.

This elaftic fluid is fo powerful a reducer

of the metals, that if chambers, painted with

white lead, have any conliderable degree of

moiflure, and are expolcd to is influence,

the lead on the furface of the walls is re-

duced, and that chiefly where the humidity

is moil abundant: this erTedt, 1 observed, was

produced, even at the diftance of three cham-

bers from the place, where the gas was

formed : and the lead was reduced mod evi-

dently
J

D
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dently behind the window-fhutters where the

•moifture of the wall was mod con fid erable.

It is a common experiment with chymifts,

in order to lhow the effects of this gas, to

draw characters with a folutiotx of fugar of

lead on paper, which they place over a glafs

of water, containing fome alkaline fulphure :

in fome time the charadters drawn on the

paper acquire a brown, or black colour, and
become vifible ; which amufes the fpedta-

tors.

But it is furprifing, that the metal has
never been reduced in this experiment even
by chance

;
and not lefs fo, why lead fhould

be fingled out for this trial of Ikill, in prefe-

rence to other metals, which are equally af-

fedted by this gas.

Exp. 10. Tin.

A piece of filk was dipped in a Solution of
muriate of tin in diddled water, and dried
in the air; the lilk, on exposure to a current
of the gas, fcarce underwent any change,
except a few brown fpecks difperfed over its

furface.

Another bit of filk was immerfed in the
fame lolution of tin, and expofed, .while
wet,^ to the gas, which no fooner touched
the (ilk, than the furface oppofed to the cur-
rent was covered with reduced tin of great
bnghtnefs : in fome time various colours, as
blue, orange, and a faint purple, appeared,

and
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and became more evident, as the reduction
proceeded.

The gas does not read on this metal fo

much as on mercury, and Tome other metals :

part of the reduced tin remained permanent

;

but moft of it difappeared, and left behind a

difagreeable brown ftain.

Exp. i r. Arsenic.

A bit of filk was immerfed in a folution

of muriate of arfenic in diftilled water, and
dried in the air

; it was then expofed to a

fheam of fulphurated hydrogen gas
; but no

change could be obferved, except a faint

tinge of citron yellow, which appeared on
lome parts of the filk.

Another bit of {ilk was dipped in the

fame folution of arfenic, and expofed, while

wet, to the s;as: the arfenic was inftantlv

reduced all over the furface, oppofed to the

gas, • attended with a citron yellow colour.

The gas foon readied on the reduced ar-

fenic
; and nothing remained but the yellow

{lain. .

Exp. 12. Bismuth.

I diffolved fome bifmuth in nitric acid,

and evaporated the folution to drynefs
;
the

fait was then diffolvtd in diflilled water, and

the folution depofited a copious white preci-

pitate, but retained a quantity of the metal

fufficieut for thefe experiments.

In
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In this folution of bifmuth a piece of filk

was immerfed, and dried in the air; it was
then expofed to a ftream of the gas : and the
only vilible effedt produced was a very faint

tinge of brown.

Another bit of filk was dipped in the fame
folution of bifmuth, and expofed wet to the
gas : the filk was inftantly covered with a
bright pellicle of reduced bifmuth, which
foon loft moft of its metallic luftre, being
changed by the reaftion of the gas to a ful-
phure.

.

Mr - Kirwan in his experiments on hepatic
air, found, that nitrous folution of bifmuth,
by mixture with a folution of hepatic air in
water, changes to a reddifh brown, and even,
affumes a metallic appearance.
He alfo found that nitrates of filver, lead,

and acetite of lead, were precipitated black/

Exp. i-. Antimony.
A piece of filk, which was immerfed in

a folution of tartarite of antimony in diftilled
water, and dried in the air, was" expofed to
a ftream of the gas; but buffered no vifible
change, except that a few fpecks of yellow
and orange appeared.

A bit of filk was dipped in the fame fo-
lution of antimony,, and expofed, while wet,
to the gas; the antimony was immediately
reduced to its metallic form, attended with
a deep orange colour ; in fome time, moft of

the
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the metallic luftre difappeared,’ a few fpecks

only remaining permanent.

Exp. 14. Iron.

A piece of filk was immetfed in a diluted

folution of fulphate of iron in diftilled wa-

ter, and dried
; it was then expofed to a cur-

rent of the gas ; but underwent no vifible

change.

Another bit of filk was dipped in the

lame folution of iron, and expoied, while

wet, to the gas : the filk foon began to ac-

quire a dark colour, which gradually in-

creafed, and, at length, became black, at-

tended with an obl'cure metallic film. The
filk was immerfed in water, and depofited

a bright metallic film on the furface of that
o

fluid.

Exp. 15. Zinc.

A bit of filk, which was immerfed in a

diluted folution of fulphate of zinc in diftil-

led water, and dried in the air, was expoied

to a current of the gas

;

but underwent no

vifible change.

Another bit of filk was dipped in the fame

folution of zinc, and expofed, while wet, to

the pas; but no change in the colour of the

filk, or fign of reduction could be perceived :

the filk was then immerged in a glals ol clear

water, and transferred to its furface a bright

metallic film of the colour of zinc.

When
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When a languid ftream of gas was em-
ployed in thefe experiments, the films trans-

ferred to water were fcarce vifible.

Exp. 16. Zinc.
# n

A piece of fiik, which was immerfed in a
largely diluted folution of muriate of zinc,
and dried in the air, was expofed to a brifk
current of fulphurated hydrogen gas ; but
underwent no vifible alteration.

Another bit of filk was dipped in the fame
folution of zinc, and expofed, while wet,
to the fame bnlk current of gas

; inffantly
the furface of the filk, oppofed to the gas,
was covered with a bright coat of reduced
zinc, attended with faint orange, and purple
colours.

Though the reduced zinc was quite evi-
dent

;
yet I had the curiofity to examine its

appearance on the furface of water; I there-
fore immerfed the lilk in a glafs of that
fluid, and a bright metallic pellicle, which
retained the texture of the filk, as wax re-
tains the lmpreffion of a feal, was transferred
to its furface.

Another bit of filk, dipped in the fame
lolution of zinc, and expofed for a longer
time to the gas, loft its metallic luftre, the
zinc being changed to a fulphure by the re-
action of the gas.

.
^efe experiments on fulphate, and mu-

riate of zinc, fiiow, that the acid, in which
the
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the metal is diflolved, influences the reduc-

tion in a remarkable manner.

It is evident from the experiments related

in this chapter,

1. That water is eflential to the reduction

of metals by lulphurated hydrogen gas.

2. That alcohol does not promote thefe

reductions, without the aid of water.

3. That fulphurated hydrogen gas does not

reduce the metals by giving them phlogidon ;

nor by uniting with, and feparating, their

oxygen : for were either of thefe opinions

well founded
;

metallic folutions in alcohol

fhould be as effectually reduced by this gas,

as metallic folutions in water are.

When we confider, that alkaline fulphure

reduces the metals by decompoflng water ;

we have every reafon to conclude, that lul-

phurated hydrogen gas reduces them in the

fame manner ;
lince the fame circumftances

are necelfary to both : the hydrure of ful-

phur, which condit ,;*'es the bale of this gas,

attracts the oxygen of the water, while the

hvdros;en of the latter unites, in its nafcent
j O

Hate, with the oxygen of the metal, and re-

duces it.

Hence it follows, that the hydrure of ful-

phur is oxygenated by the oxygen of the wa-

ter, while the metal is redored to its com-

budible date.

CHAP-
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CHAPTER VI.

REDUCTION of METALS

BY

phosphorated htdrogen gas.

ThE effefts of hydrogen gas and phof-
phorus on the redudtion of metals in the
fibres of filk have been treated of feparately
in the two firft chapters

; in this, I lhall

briefly treat of their efiFedts, when combined
in the form of phofphorated hydrogen gas,
which from its high degree of inflammability
feemed well adapted to this purpofe.
The fpontaneous inflammation of this kind

of air was known to M. Gengembre in 1 783 ;

atH his experiments were publifhed in Ro-
ller s journal for October 1785.

Mr. Kirwan alfo, without any knowledge
of M. Gengembre’s experiments, difcovered.
the lame air, which he calls phofphoric air,
and publifhed his experiments in the 76th
volume of the Philofophical Tranfadtions for
1786.

This elaftic fluid may be obtained by di-
gefting a folution of potafh in water with
about half its weight of phofphorus in a heat
lumcient to melt the latter

; and may be re-
ceived in glafs veflels over mercury.

But finding it inconvenient to introduce
I pieces
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pieces of (ilk prepared for thefe experiments
over mercury in dole veffels, I expofed them
to the gas, as it iffued from the neck of the
phial in which it was prepared.

Part of this elafti'c fluid is fpontaneoufly
inflammable; but the other has not that pro-
perty, which M. Gengembre imputes to the
prefence of carbonic acid ; for the fake of
brevity, I fhall defign the latter by the term
gas , or phofphorated hydrogen gas ; and the
former by the epithets fpontaneoufly inflam-
mable, or detonating gas, which, I found, does
not burn or fcorch filk wetted with metallic

iolutions.

Exp. i. Gold.

A piece of filk, which was immerfed in a

folution of nitro- muriate of gold in diftilled

water, and fufpended in the air twelve hours
to dry, was divided into three parts.

One of thefe was expofed to a ftream of
phofphorated hydrogen gas : the filk became
brown, and its margins, which happened to

touch the (ides of the phial, acquired a violet

tinge : but no redudion took place.

Another of thefe parts was wetted with

alcohol, and expofed to the gas
; but no figns

of reduction could be perceived.

The remaining part was wetted with water,

and was no fooner expofed to the gas, than

the redu&ion commenced over the whole filk,

which was foon covered with a bright coat of

reduced gold.

Exp.
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Exp. 2. Silver.

A piece of filk was dipped in a folution of
fufed nitrate of filver in alcohol, and dried

in the air : it was then divided into three

parts.

One of thefe, in order to diffipate moifture
more effectually, was dried dill better by
a gentle heat, and expofed to the gas ; the
filk acquired a brownifh dark colour : but
no other alteration could be perceived.

Another of thefe parts, which was alfo

better dried by a gentle heat, was wetted with
alcohol, and expofed to the gas : the filk ac-
quired a dark brown colour

; but no other
change could be obferved.

The remaining part was wetted with wa-
ter, and expofed to the gas : the reduction
commenced immediately, and in a fhort time
the filk was covered with reduced filver.

Exp. q. Platina.

A piece of filk was immerfed in a folution
of nitio- muriate of the ore of platina in dif-
tilled water, and dried in the air

; it was then
divided into three parts.

One of thele parts was expoied to the gas ;

but buffered no vifible change.
Another of them was wetted with alcohol,

and expofed to the gas ; but underwent no
perceptible change.
The remaining part was wetted with wa-

I 2 ter,
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ter, and expofed to the gas : in about three

or four minutes, a bright metallic film, of
great luftre, appeared on the fide of the filk,

oppofed to the gas.

Another bit of filk, which was dipped in

the fame folution of platina, and expofed,

while wet, to the fpontaneoufly inflammable

gas, was immediately covered with reduced

platina, which being transferred to the fur-

face of water looked bright as filver, and re-

tained the impreffion of the filk.

Exp. 4. Mercury.

A bit of filk, which wasimmerfed in a fo-

lution of nitrate of mercury in diflilled wa-
ter, and dried in the air, was expofed to the

gas ; but underwent no vifible change.

Another bit of filk was dipped in the fame

folution of mercury, and dried : it wag then

welted with alcohol, and expofed to the gas ;

but no fgn of reduction appeared.

Another bit of lilk was immerfed in the

fame folution of mercury, and expofed to the

gas ;
the metal was inftantly reduced all over

the filk; a great variety of beautiful colours

attending.

A piece of filk was dipped in a folution of

oxygenated muriate of mercury in diilillcd

water, and dried in the air : it was then di-

vided into two parts.

One of thefe was expofed to the gas : no

change appearing, it was wetted with alco-

hol,
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hoi, and expofed again to the gas ; but ftill

no alteration could be perceived.

The remaining part was wetted with wa-
ter, and was no fooner expofed to the gas,

than the mercury was reduced over the whole
lilk. No colours attended the reduction.

Mr. Kirwan introduced fome precipitate

per fe to a fmall portion of 'phofphoric air :

the precipitate foon grew black
;
and a white

fmoke appeared
; in two days the precipitate

remained folid
;

yet acquired a pale white
colour, like that of fteel : the air loft its

lpontaneous inflammability *.

Exp. 5. Copper.

A piece of filk, which was immerfed in a
folution of fulphate of copper in diftilled
water, and dried in the air, was divided into
two parts.

One of thefe was expofed to the gas ; but
no vifible change occurred.
The remaining part was wetted with wa-

tei, and expofed to the gas : in a few minutes
a brownifh matter appeared in the filk

; but
nothing metallic could be feen : the filk was
then dipped in a glafs of clear water, and
transferred a fmall white metallic pellicle to
its furface.

In another experiment, made with the
Ipontaneoufly inflammable gas, a white me-

* M. Kirwan, Phil, Tranf. for 1786.

I 3 tallic
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tallic pellicle was immediately formed, at-

tended with a brown ftain ;
this pellicle re-

fembled filver, or a white metal : but the

gas foon readied on it, and formed a dif-

agreeable brown matter in the fibres of the

filk,

Exp. 6. Lead.

A bit of filk, which was dipped in a folu-

tion of acetite of lead in diftilled water, and

dried in the air, was expofed to the gas ;
but

fufFered no vifible change.

Another bit of filk was immerfed in the

fame folution of lead, and expofed, while

wet, to the gas ; but nothing metallic could

be feen : the filk, however, on immerfion in

water, transferred a few minute bright films

to the furface of that fluid.

In another experiment, made with the de-

tonating gas, the reduced films were more

evident.

Exp. 7. Tin.

A bit of filk, which was dipped in a fo-

lution of muriate of tin in diftilled water,

and dried in the air, was expofed to the adion

of the gas, without fuffering any vifible al-

teration.
_

Another piece of filk was immerfed in the

fame folution of tin, and expofed, while wet,

to the gas ; but no figns of redudion could

be perceived : the filk was then immeifed in

• water,
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water, and transferred a delicate metallic film

to its furface.

Exp. 8. Arsenic.

A bit of filk, which was immerfed in a fo-

lution of muriate of arfenic in diddled water,

and dried in the air, was expofed to the gas ;

but no change could be perceived.

Another bit of filk, immerfed in the fame
folution of arfenic, and expofed, while wef,
to the gas, acquired in-'a few minutes a brown
{lain ;

but nothing metallic could be feen on
the filk ; which, however, on being dipped
in water, transferred a very minute film of
reduced arfenic to its furface.

In another experiment, made with the de-

tonating gas, the films of reduced arfenic

were much more evident, of greater bril-

liance, and attended with a brown {lain

produced in the fibres of the filk.

Exp. 9. Bismuth.

A piece of filk, which was dipped in a fo-

lution of nitrate of bifmuth in diftilled water,
and dried in the air, was expofed to the gas

;

but no alteration could be obferved.

Another bit of filk was immerfed in the
fame folution of bifmuth, and expofed, while
wet, to the gas : the filk in two or three mi-
nutes got a brown {lain, which gradually be-
came more intenfe ; and a very delicate me-
tallic film appeared : the filk was then im-

I 4 mergedO
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merged in water, and transferred a bright
him of reduced b'ifmuth to the furface of that
fluid : the him retained the impreflion of the
hlk.

Exp. io. Antimony.

A bit of hlk, immerfed in a folution of
tarta rite of antimony in difhlled water, and
dried in the air, was expofed to the gas

; but
buffered no apparent change.

Another piece of hlk was dipped in the

fame folution of antimony, and expoled,

while wet, to the gas
; but no figns of re-

duction appeared : the hlk was then im-
merged in water, to the furface of which, it

transferred one fmall fpangle.

This experiment was repeated with the

detonating gas, which with difficulty pro-

duced fome fparkling hlms : the hlk was im-

merfed in water, and transferred the hlms to

its furface.

A white matter was vihble in the fibres of

the hlk.

Exp. i i. Cobalt.

A piece of hlk, immerfed in a folution

of muriate of cobalt, and dried in the air,

was expofed to the gas ; but buffered no vi-

hble alteration.

Another bit of hlk was dipped in the fame

folution of cobalt, and expofed, while wet,

to the gas : but no lign of redu&ion ap-

i peared

;
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peared ; nor did the filk transfer a him to

water.

Another bit of filk was immerfed in a fo-
liation of nitrate of cobalt, and expofed, while
wet, to the detonating gas : no figns of re-

duction were vilible for fome time ; but at

length a few fmall fpangles of the metal
appeared on the filk, and were very brilliant,

and when transferred to water, were ftili

more fo : a white matter could be feen in the
fibres of the filk.

Exp, 1 2. Iron.

A bit of filk was immerled in a largely
diluted folution of fulphate of iron in dil—
tilled water, and dried : it was then expofed
to the aCtion of the gas ; but no alteration
could be perceived.

Another bit of lilk was dipped in the fame
folution of iron, and expofed, while wet, to
the gas : in a lew minutes lome parts of the
ilk acquiied a light brown colour; but no
reduced iron could be feen on the filk, which
however transferred a very minute, and de-
licate film to water.

This experiment was repeated with a
ltrong detonating gas, and a very brilliant
metallic film about four lines in diameter
was reduced on the filk accompanied with a
brown ftain : but nothing like the black oxid
or iron appeared.

EiP.
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Exp. 13. Zinc.

A bit of filk, which was i minerfed in a

largely diluted folution of muriate of zinc,

was expofed dry to the gas ; but underwent
no vifible alteration.

Another piece of filk was dipped in the

fame folution of zinc, and expofed wet to

the gas ; no figns of reduction appearing,

the iilk was immerged in water, and left a

very minute metallic film on its furface,

which could with difficulty be feen.

The experiment was repeated with the de-

tonating gas, and a very bright metallic film

of zinc, four or five lines in diameter, was

reduced oil the filk.

This experiment fucceeded alfo with a

largely diluted folution of fulphate of zinc.

The filk, viewed by tranfmitted light, ex-

hibited a brown ffain beneath thefe films of

iron and zinc.

The experiments detailed in this chapter

fhow,

1. That water is effential to the reduction

of metals by phofphorated hydrogen gas.

z. That alcohol does not promote thefe

reductions, without t he aid of water.

3. That this elaftic fluid does not reduce

metals by giving them phlogifton ;
nor by

combining with, and feparating, their oxy-

gen ; for were either of thele fuppofitions

true, it fhould reduce them as well with al-

cohol, as with water.

2 After
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After explaining the manner, in which ful-

phurated hydrogen gas reduces the metals ;

the mode of agency of phosphorated hydro-

gen gas is fufficiently obvious.

The gas attra&s the oxygen of the water,

while the hydrogen of the latter unites, in

its nafcent ftate, with the oxygen of the me-
tal, and reduces it.

Hence it follows, that the hydrure of
phofphorus, which conftitutes the bafe of
this gas, is oxygenated by the oxygen of the
water, while the metal is, at the lame time,
reftored to its combuftible ftate.

By hydrure of phofphorus is meant, a

combination of hydrogen and phofphorus,
containing lefs caloric, than is necellary to

the gazeous ftate,

, . •* y

\ y

CHAP-
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CHAPTER VII.

REDUCTION of METALS

BY

CHARCOAL .

Finding feveral combuftible bodies, as

hydrogen, phofphorus, fulphur, and com-

binations of thefe, capable of reducing the

metals in the ordinary temperature of the

atmofphere ; I was defirous of knowing, if

Charcoal alfo poffefted that power.

Charcoal may be applied with this view in

feveral forms. M. Rouelle has obferved that

cauftic fixed alkali diflolves a confiderable

quantity of this fubftance.

Charcoal alfo exifts in 'a very attenuated

Rate in ether, alcohol, gum, &c.

I have examined fome of its eftefts on the

reduftion of metals, in thefe different forms,

in which it probably exifts combined with

hydrogen, and alfo fbme of its effefts in the

folid form.

Exp. 1. Gold.

A fmall bit of well burned charcoal was

fufpended by a thread in a phial containing a

diluted folution of nitro-muriate of gold in

diftiUed
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diflilled water : fome air bubbles Toon, appear-

ed on the charcoal : and in about two hours
reduced gold was evident on its lower furface,

and increafed gradually, till the charcoal was
nearly coated with gold of its proper colour.

This experiment was repeated with a rich-

er folution of gold
; the reduffion did not

commence near fo loon, nor was the quan-
tity reduced fo great, or brilliant, as in the
preceding experiment.

Exp. 2. Gold.

A fmall bit of charcoal was fufpended in a
folution of gold in ether : an effervefcence
immediately commenced, and continued for a
con fidei able time : but the folution buffered
no change of colour

; nor was there a par-
ticle of the gold reduced.

1 fhould not be furpriled, if the gold were
i educed in this experiment, as charcoal con-
tains a large quantity of water, which it

powei fully attradfs from the furrounding air:
however not a veffige of reduced gold could
be perceived.

Bits of charcoal were fufpended in the
fame manner in mod of the metallic folutions
treated of in this effay : no change was per-
ceived on thofe immerfed in folutions of ar-
fenic, manganefe, and fufed nitrate of filver
in water : but a bit immerfed in a folution of
the lame titrate in alcohol, had parts of it
covered with bright fparkling particles, which

fecmed
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feemed to vegetate from the charcoal, and
were evidently reduced filver : for they were
not foluble in water, on the furface of which
the bit of charcoal deposited fome fmall fpan-

o-les of great luftre. The bits immerfed in

folutions of fulphate of iron and zinc exhi-

bited fome very faint ligns of reduction.

But thefe experiments were not repeated,

nor fufficiently varied, to enable us to form

a juft opinion of the power of charcoal in

reducing metals in this way.

A fmall quantity of charcoal, reduced to

fine powder, w7as digefted feveral days in a

ftrong folution of cauftic potafti in alcohol

;

the phial was frequently ftiaken to promote

the folution.

Some of the clear folution, which was of

a reddifh colour, was poured into a phial for

Exp. 3. Gold.

A few drops of this folution of charcoal,

or carbone, were applied to a bit of filk ;

after the alcohol evaporated, a folution of gold

in ether was dropped on, and immediately

produced a brown, which, in about half an

hour, wras changed to a purple hue, owing

to water attracted from the air; but no other

.ftgn of reduction appeared.

^Another bit of filk was immerfed in the

folution of carbone, and when the alcohol

evaporated, a few drops of an aqueous folu-
1

tion
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tion of gold were applied ; a brown Slain was
inftantly formed ; the lilk was kept wet
with water ; the ftain gradually aSfumed a

purple tinge, and, in about five minutes,
- fome reduced gold of its proper fplendour,
and colour, appeared : and in, fame time after

every part of the filk, to which the folutions

ot carbone and gold were applied, was coated
with reduced gold, which remained per-
manent. During the experiment, it is ne-
ceffary to keep the filk constantly wet with
water.

,

If the folution of gold be applied before;
the alcohol evaporates, a black precipitate is

formed, along with the brown Stain. In an
experiment made in this manner, a metallic
film, whitiSh, and obfcure, appeared in the
beginning ; but foon vanished : and in fome
time after the gold was reduced of its proper
coloui

; and a ipeck of ruby red appeared on
the margin.

The lilk viewed by tranfmitted light pre-
sented various colours, as purple, blue, and
fome green.

Exp. 4. Silver.

A few drops of the folution of carbone
were applied to a bit of Silk

; when the alco-
hol evaporated, a folution of fufed, nitrate of
Silver m alcohol was applied: a light brown
tain was immediately produced in the filk *

but no reduced filver could be feen.

The
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The fblution of carbone was applied to an-
other bit of filk, and when the alcohol eva-
porated, an aqueous folution of fufed nitrate
of filver was dropped on : a brown ftain was
inftantly formed, and, in about ten minutes,
minute films of reduced filver were vitible.

The filk was kept wet with water during
the experiment

; and the brown ftain was
gradually changed to black. In fome little

time the metallic films disappeared.

If the folution of filver be applied to the
filk, before the alcohol evaporates, black and
brown precipitates are immediately formed;
and commonly no reduced filver can be feen;
but Sometimes very minute films appear.

Exp. 5. Platina.

To a bit of filk, which was immerfed in

a folution of nitro-muriate of platina in dif-

tilled water, and dried in the air, a few drops
of the folution of carbone were applied ; but
no vihble change was produced.

Another bit of filk was dipped in the fo-

lution of carbone, and when the alcohol eva-

porated, a few drops of the folution of pla-

tina were applied : a yellow precipitate was
immediately formed, and, in about ten mi-
nutes delicate films of reduced platina were
vifible : thefe metallic films foon vanifhed ;

and nothing but a

pitate remained.

A bit of calico, on which tins experiment

was

yellow flain and the preci-
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was repeated, transferred a bright film of re-

duced platina to the furfaceof water.

During the experiments, the filk and calico

were kept wet with water.

Exp. 6. Mercury.

On a bit of filk, which was immerfed in a

folution of oxygenated muriate of mercury
in diftilled water, and dried in the air, a little

of the folution of carbone was dropped ; but

the filk underwent no vifible change.

Another bit of filk was dipped in the folu-

tion of carbone, and, when the alcohol eva-

porated, a little of the fame folution of mer-
cury was applied

; a yellow precipitate was
immediately formed

; and foon after fmall

films of reduced mercury appeared on the

margin of the ftain.

This experiment. was repeated with a folu-

tion of nitrate of mercury, and the reduction

of the metal was very evident on the mar-
gin of the ftain, which was black : the pre-

cipitate on the bit of filk was of the colour

of fulphur.

Exp. y . Copper.

To a bit of calico, which was immerfed in

a folution of acetite of copper in diftilled wa-
ter, and dried in the air, a few drops of the
folution of carbone were applied

; but no vi-

fible change was produced.
On another bit of calico, which was dip-

K ped
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ped in the fame folution of copper, fome of
the folution of carbone was dropped : the ca-

lico acquired a flight tinge of brown
; it was

kept wet with water; and, in about twenty
minutes, feveral white metallic films were
evident.

A bit of filk, on which this experiment

was made, acquired a beautiful red colour,

fimilar to the ruby red, with which copper

tinges glafs. and depending on the fame caufe,

viz. the quantity of oxygen combined with

the metal,

Exp. 8. Lead.

A bit of white calico was immerfed in a

folution of aqetite of lead in diftilled water,

and dried in the air : then a few drops of the

folution of carbone were applied
; but no vi-

fible alteration took place.

On another bit of the fame calico, which

was dipped in the folution of carbone, a lit-

tle of the fame folution of lead was dropped ;

and in a few feconds films of reduced lead,

bright as filver, appeared : the calico was

then immerged in water, and transferred a

continuous pellicle of reduced lead to its fur-

face.

This experiment was often repeated both

-on filk, and calico : fometimes the lead is re-

duced in an infant ; but at other times five

or fix feconds elapfe, before any reduced lead

becomes vifible.

I alfo
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I alfo found, that a folution of potafh in

alcohol reduces lead
;
but not fo foon, or ef-

fectually
,
or in fuch quantity, as the former

folution does ; but’it is evident, that thefe fo-

lutions differ only in the quantity of carbone,

which they contain.

Exp. 9. Tin.

To a bit of calico, which was immerfed
in a folution of muriate of tin in diftilled

water, and dried in the air, feme of the folu-

tion of carbone was applied : but no figns of
reduction appeared, nor was the colour of the

calico much altered.

On another bit of calico, which was dip-

ped in the folution of carbone, fome of the
fame folution of tin was dropped : a white
precipitate was inftantly formed, attended
with bright Elms of reduced tin : the calico

was immerged in water; and left a bright
metallic Elm on the furface of that fluid.

The fame experiment fucceeds on Elk.

.

Exp. 10. Bismuth.

A piece of Elk, which was immerfed in a
folution of nitrate of Bifmuth in diftilled

water, and dried in the air, luffered no vi-

Eble alteration, on applying the folution of
carbone.

To a bit of calico, which was dipped in
the folution of carbone, a few drops of the
fame folution of bifmuth were applied ; and

K 2 imme-
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immediately films of reduced hifmuth were
evident. The calico was immerged in water,
and transferred a bright metallic film to its

furface.

This experiment fucceeded alfo on filk.

Exp. 1 1. Arsenic.

A bit of filk was linmerfed in a folution
of muriate of arfenic in diftilled water, and
dried in the air, then a little of the Iblution

of carbone was dropped on the filk ; but no
vifible alteration took place.

Another bit of filk was dipped in the folu-

tion of carbone, and when the alcohol eva-
porated, fome drops of the fame folution of
arfenic were applied

; and in a fhort time a

few minute metallic films were vitible on the
filk, which, when transferred to water, were
ftill more fo.

Tartarite of antimony, treated in the fame
manner, transferred a very delicate film,

fcarcely vifible, to the furface of water.
* •

Exp. 12. Iron.

A bit of calico, which was dipped in a

largely diluted folution of fulphate of iron,

and dried in the air, fuffercd no perceptible

change, on applying the folution of carbone,

except a flight tinge of brown.

Another bit of calico was immerfed in the

fame folution of iron, and placed on a bit of

deal board, a few drops of the folution of

2 carbone
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carbone were then applied : the calico was
kept constantly wet with water, and in about
fifteen minutes 6.1ms of reduced iron were
vifible : the calico was immerfed in water,

and left a bright metallic film on its furface.

Exp. 13. Zinc.

To a bit of filk, which was dipped in a
largely diluted folution of muriate of zinc,
and dried in the air, a few drops of the fo-
lution of carbone were applied

; but fcarce
any alteration of colour, or other vifible

change, occurred.

A piece of calico was immerfed in the
fame folution of zinc, and placed on a bit of
thm deal board, a few drops of the folution
of carbone were then applied : the calico was
kept conftantly wet with water

; and in about
fifteen minutes films ot reduced zinc were
evident : the calico was immerged in water,
and transferred a very bright metallic film of
the colour of zinc to its furface.

I alfo reduced muriate of cobalt in this
manner.

Exp. 14. Manganese.

.

a bit of filk, which was dipped in a
diluted folution of nitrate of manganefe, and
dried in the air, iome drops of the folution
of carbone were applied

; but nothing appear-
ed, except a brown ffain.

Another bit of filk was immerfed in the
K 3 folution
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folution of carbone, when the alcohol eva*
porated, a few drops of the fame folution of
manganefe were applied : a brown {lain was
foon produced ; the filk wras kept wet with
water, and in about twenty minutes films of
reduced manganefe of a bluifh white colour

were evident on the {ilk.

This experiment did not fucceed with a

{frong folution of nitrate of manganefe.

The fame experiment fucceeds alfo on
linen, and calico, both with nitrate, and ful-

phate of manganefe ; the reduction is attend-

ed with violet, and purple, colours, fuch as

this metal imparts to glafs, and other fub-

ilances, in which it exifts combined with

different proportions of oxygen : this dif-

ference is the caufe of the different colours,

which folutions of manganefe affume.

The bright films of reduced manganefe

foon difappear, the caufe of which has been

explained in the firfh chapter of this elfay :

the explanation there offered is confirmed by

the following fa£ts.

44 Regulus of Manganefe,” fays Mr. Berg-

man, “ when well fufed generally perfiifs in

“ a dry place, but l'ometimes undergoes
44 fpontaneous calcination, and falls down in

44 a brownifh black powder.”
44 Moifture, but particularly the accefs of

“ aerial acid, affifts this operation. A {mall
44 piece, put into a dry bottle, well corked,
44 remained perfect for the fpace of fix

44 months, but afterwards, expofed to the
44 open
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< ( open air of a chamber for two days, con-
t£ traded a brownefs on its furface, together

“ with fo much friability as to crumble be-

“ tween the fingers. The internal parts,

“ however, retained an obfcure metallic
“ fplendo'ur, which difappeared in a few
“ hours *.’*

I fhall now relate a few experiments made
with ether, alcohol, and gum.

Exp. 15. Gold.

I evaporated a folution of gold in nitro-

muriatic acid to drynefs, and diffolved the
fait in pure alcohol : the folution was poured
into a phial carefully dried in hot fand, and
rinced with pure alcohol : the folution filled

about | of the phial, which was carefully
corked, and though it was nine months ex-
pofed to the gray light, no films of reduced
gold appeared.

Part of the fame folution was poured into
a phial, and diluted with water; films of re-
duced gold foon appeared*

Exp. 16. Gold.

.

A phial half filled with a folution of gold
in fulphuric ether wTas expofed nine months
to the gray light

; but no films of reduced
gold were produced*

Chem. EfTay. Vol. II. p. 206 and 207. Eng. Tranfi

• K 4 On
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On a bit of filk, which was dipped in part
of the fame lolution of gold, and expofed to
the gray light, and kept wet with water, re-
duced gold appeared in the fpace of a few
hours.

Exp. 1 7. Gold.

I mixed an aqueous folution of gold with a
folution of gum arabic in diftilled water, in

fuch proportion, as to prevent the folution
from fpreading in the filk.

With this folution I drew feveral ftripes

on a piece of filk, and expofed it to the gray
light of a chambre : in fome time the gold
was reduced attended with blue, and purple,

colours.

Similar ftripes were drawn on another piece

of filk, which, after the ftripes became fuf-

ficiently dry, was placed over the vapour of
hot water ; and in about fifteen minutes the

gold was reduced in a beautiful manner.
This folution was applied to another bit of

filk, which, after it became fu'fficiently dry,

was placed between the leaves of a blank

book, to exclude the action of light
;

the

gold, after fome time, was reduced.

I found that fmall ftripes, and fpots, made
with this lolution, were reduced by breathing

on them for fome time.

Sugar alfo, mixed with the folution of gold,

promotes the reduction; but not l'o well as

gum.
A bit
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A bit of filk was dipped in a folution of
nitrate of filveria diftiiled water, and expofed,
while wet, to the fmoke of a common fire ;

in a fhort time reduced filver appeared.

The following inferences are deducible
from the experiments related in this chapter.

1. Charcoal is capable of reducing the me-
tals in the ordinary temperature of the at-
mofphere.

2 . Water is eflential to the redu&ion of
metals by charcoal : for thefe experiments
prove, that the reduction cannot be effected
without water.

3' Charcoal does not reduce the metals by
giving them phlogiffon ; or by uniting with,
and feparating, their oxygen

; for were either
of thefe opinions true, metallic folutions in
ether, and alcohol, fhould be as effectually
reduced by charcoal, as metallic folutions in
water are.

4* Ether, and alcohol do not promote the
reduction of metals without the aid of wa-
ter : but when this is prefent in fufficient
quantity, they efTed the reduction, in the
ame manner, that charcoal, and other com-
buftible bodies do.

Jt is evident then that charcoal reduces the
metals by decompofing water; which feems
to be effeded in the following manner.

he carbone of the charcoal attra&s the
oxygen of the water, while the hydrogen of
the latter unites, in its nafcent ftate,°with
the oxygen of the metal, and reduces it.

'

Hence
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Hence it follows that the carbone is oxy*
genated by the oxygen of the water, and forms
carbonic acid, while the metal is reftored to

its combuftible Rate.

This explanation is fupported by the fol-

lowing faCt : M. Gengembre has obferved,

that it charcoal be immtrfed in water, and
kept at a temperature of 30 degrees of the

thermometer of M. De Reaumur, the water

is gradually decompofed, and inflammable

gas is formed*.

That charcoal effects the reduction of me-
tals, in high degrees of heat alio, by decom-
pofing water, is evident from the following

obfervations.

The great force with which charcoal at-

tracts water is a faCt fufliciently eftablifhed
;

Dr. Prieftiey is fo convinced of this, that he

exprefles hinifelf in the following ftrong

terms. “ I did not know, nor could believe

“ the powerful attraction, that charcoal, or

“ iron, appear to have for water ; when they

“ are intenfely heated, they will find, and
46 attraCl it in the midft of the hotteft f re

tc through any pores in the retort -j~.”

Now fince water is eflentiai to the reduc-

tion of metals in low degrees of heat ;
and

fince that fluid is always prefent, when me-

tals are reduced by charcoal in high degrees

of heat ; it is manifeft, that charcoal aCts in

* ElTay on Phlogifton, new Ed. by M. Kirwan, p. 61.

t Phil. Tranf. 1785. Vol. LXXV., p. 289.

the
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the fame manner in both thefe temperatures

;

and iince water is eafily, and inftantly, de-

compofed by charcoal at a red heat, as the

Antiphlogiftians themfelves allow ; it clearly

follows that their theory of metallic reduc-

tion is erroneous : for Iince the water is in-

ftantly decompofed by the charcoal, it is a

neceflary confequence, that its carbone muft
unite with the oxygen of the water, while
the hydrogen of the latter unites, in its naf-
cent hate, with the oxygen of the metal, and
reduces if, forming a new quantity of water
equal to that decompofed : this new quantity
of water may be decompofed in its turn : fo
that a thimble full of water would be fuffi-

cient to reduce any quantity of metal; pro-
vided the water were prevented from efcaping,
and time enough allowed.

Befide this fource of water, the air of the
atmofphere, which contributes to fupport the
f re is an inexhauftible magazine of water

:

and the hotter the air is, the more water it

holds in folution
; as M. Le Roy ha? demon-

crated Moreover all metallic oxids and
ores contain a large proportion of water.
from this view it appears, that the man-

ner, in which charcoal, and other combuftible
bodies, effect the redudlion of metals, is by
a{lifting to decompofe water, the hydrogen

* El. Nat. Hid. & Chem. Eng. Txanf. in three vo-
lumes, p. 163. Vol. I.

of
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of which is therefore the only reducer of the
metals.

In order to point out the difference between
this opinion, and that of the Antiphlogif-
tians, I fhall prefent the reader with M. La-
voifier’s idea of metallic reduction.
“ It can not be doubted,” fays that cele-

brated chymift, “ that charcoal at a red heat
“ takes oxygen from all metallic fubftances:
6

1

this is a fad againff which no exception
“ can be made : and it is the foundation of
“ the whole theory of metallic redudion.”

But the experiments in this eflay demon-
ftrate, that this aflertion is erroneous in every
inftance of metallic reduction : for fo far is

it from being true, that charcoal takes oxy-
gen from all metallic fubftances, that it never

does fo in one fingle inftance ; lince its car-

bone always unites with the oxygen of the

water, the hydrogen of which unites imme-
diately to the oxygen of the metal, and re-

duces it.

“ But? this adion of charcoal on oxygen,”

adds M. Lavoifier, “ this property, which it

“ pofleffes of taking it from metallic fub*

“ fubftances, is not fo ftrongin the cold, as

“ at a red heat, fince we are unacquainted
44 with any metallic revivification efteded by
“ charcoal without heat

It is evident that this mode of reafoning is

no longer of any weight
;

fince charcoal does

* E1T. on Phlog. a new Ed. by M. Kirwan, p. 6o.

reduce
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reduce metals in the ordinary temperature of
the atmofphere.

The reafon charcoal is more powerful in

high degrees of heat, than other reducers of
the metals, is its great fixity in the fire, and
the immenfe force, with which it attracts,

and imprifons water in its pores : thus pre-
venting its efcape till it be decompofed by
an affinity, which is much more complex than
has been hitherto imagined.

Another reafon of the fuperior power of
charcoal in metallic redudHon is, that it forms
a volatile elaftic fluid with the oxygen of the
Water, which flies oft

;
and confe<puently does

not readi on the metal, or diflurb, or impede,
by its prefence, the adtion of the reducing
powers: advantages that phofphorus, or any
other combullible lubftance, which forms a
fixed acid, that readts on the metal, can never
poflefs.

CHAP-
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CHAPTER VIII.

REDUCTION of METALS

BY

LIGHT.

The next fubftance, I fhall treat of, is

Light, which Teems well adapted to illuftratte

the theory of metallic reduction
; as in ex-

periments made with this fubftance, water

can be more effectually excluded, than in

trials with any other reducer of the metals.

Before any decifive experiments could be

made on light, or indeed any other reducer

of the metals, it is obvious that we fhould

firft afcertain the effects of water itfelf in the

ordinary temperature of the atmofphere : to

determine this point, the two following ex-

periments were made.

Exp. 1. Gold.

A piece of filk was immerfed in an aqueous

folution of nitro-muriate of gold, and fuf-

pended in a phial over water : the phial was

corked, covered with black filk, and placed

in a dark clofet, to prevent the a&ion of

light. The experiment was continued from

the 20th of Tuly to the 20th of Oftober,

during
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during which time the filk was frequently
obierved, and found to continue moift : but
no alteration could be perceived, except that
the yellow colour, which the foliation of gold
gn (re tne filk, was changed to a light brown.
The filk was now taken out cf the phial,

and a lolution of phofphorus m ether applied
to it : fhortly after, a white metallic him ap-
pealed : the filk was then kept wet with
water, and in fome time, reduced gold of its
proper colour appeared.

Exp. 2. Silver.
i

A bit of filk, which was dipped in an
aqueous folution* of nitrate of fdver, was fuf-
pended in a phial over water, and placed in
a dark clofet, from the 20th of July to the
20th of Oftober, and examined from time
to time

; but no alteration could be obferved *

changed.

6 C0 ’0Ur C°Utinued Pure> a»d uni

Jf!
e was now takei1 out of the phial,and the filver was immediately reduced bymeans of a iolution of phofphorus in ethefHence it appears, that water alone has nothe power of reducing metals in the ordinary

temperature of the atmofphere.
^

Exp. 3. Gold.

immerfe
6

in^n \P?* of filk was
11.

* a Solution of nitro-muriate nf
gold m water, and dried by a gentle heat; it

was
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was then fufpended in a window, expofed to

the funbeams, as much as poffible : no change
was perceived on it, till the 26th, when the
margin of the filk began to affume a purple

tinge, which increafed gradually, and on the

29th exhibited a fewobfcure fpecks of reduced
gold on the fide of the filk oppofed to the

light.

The purple tinge continued to iricreafe,

and the yellow, which the folution of gold

gave the filk, decreafed gradually, till on the

27th of Auguft the colour was a mixture of

purple, and light brown.

The reduction of the gold feemed to keep

pace with thefe changes of colour, and was
very evident on fome parts of the filk even

in the gray light ;
but much more fo in funr

fhine : thefe changes were obferved till the

20th of October ;
the experiment was then

difcontinued ;
and fcarce any reduced gold

could be feen on the fide of the filk not op-

pofed to the light.

That this flight reduction of the geld,, and

changes of colour in the filk, depended on

water abforbed from the air of the chambre,

will appear from the following experiments.

Exp. 4. Gold.

A bit of filk, which was dipped in the

folution of gold employed in the preceding

experiment, was dried, and fufpended in a

cryflal phial over dry carbonate of potafh :

the
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the phial was then corked, and further fe«

cured from external humidity by covering the

cork with wax : it was now placed in a dark

clofet 24 hours, that the carbonate of potafh

might have fufficient time to attrad: all the

moifture, it could, from the air of the phial,

before expofing it to the adion of light.

The phial was then placed in a window,
expofed, as much as poffible, to the folar

light, from the 24th of July to the 20th of
Odober, and carefully obferved : the fame
dde of the fdk was always oppofed to the
light, and had the yellow tinge, which the
folution of gold gave, altered to a brownifti
yellow : but the other fide of the fiik buffered

no vifible change whatever
; nor could any

purple tint, or the fmalled: veffige of reduced
gold be perceived.

Another bit of (ilk, which was immerfed
in the fame folution of gold, and dried by a
gentle heat, was fulpended over lome dry
carbonate of potafh, contained in a cryffai
phial covered with black (ilk, and placed in a
dark clofet, during the fame fpace of time,
underwent no vilible change whatever.

Both thele bits of iilk were now taken out
of the phials, and the gold was inftamly re-
doied to its metallic Iplendour by means of
watei and a lolution of phofphorus in ether :

a proof that the nitre-muriate of gold, in
thefe bitsof filk, differed no change, during
that fpace of time.

L Exp.
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Exp. 5. Gold.

A piece of {ilk, which was dipped in the
fame folutiori of gold, and placed on a china
plate expofed to the funbeams, was kept mo-
derately wet with water during the expe-
riment : the firft alteration obferved was,
that the yellow colour of the {ilk began to

change to a faint green, fucceeded by a pur-
ple tinge, which in about fifteen minutes ex-

hibited l'ome particles of reduced gold : foon
after the threads of the filk, which acquired

this purple tint, were gilded with gold ; and,

in about an hour, the whole of the filk was
covered with a luperb coat of reduced gold,

exhibiting the texture of the filk in a beau-

tiful manner.

The purple tinge, which attended the re-

duction verged in fome parts on red, and in

others on blue.

This experiment, which is very amufing,

I have repeated times unnumbered : and

when the fun is powerful, and the folution of

gold properly prepared, and of due ftrength,

the coat of reduced gold is fo bright, and

dazzling, as to diftrels the eye of the be-

holder.

I find, that the beft way of preparing a

folution of gold for this purpole is to feparate

the oxid of gold from its lolution in nitro-

muriatic acid by means of good ether.

The filk may be dipped in this folution,

and
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and when the ether evaporates, kept mode-
rately wet with diflilled water.

It was with this folution in ether that I

firft reduced gold in the fibres of filk, and it

was by means of the fame, I difcovered, that

water was a neceffary condition in thefe re-

ductions by light.

Exp. 6. Gold.

A bit of filk, which was dipped in a folu-

tion of nitro-muriate of gold in alcohol, and
placed on a china faucer, expofed to the fun-
beams, was kept wet with alcohol for the
fpace of an hour

; but no change even in the
colour, which the folution of gold gave the
filk, could be perceived.

The alcohol diffufed the folution of gold
unequally through the filk : the rays of the
fun being intercepted, fu! pended the expe-
riment : there was no funfhine on the fol-

lowing day : on the third day the filk was
again expofed to the fun beams, and kept wet
with alcohol, which extracted a yellow tinc-
ture ; a proof that the gold in the filk fuf-
fered no degree of reduction : the fun fhone
pretty ftrong for an hour, or more ; and, at
length, a faint tinge of purple, followed by
fome reduced gold, appeared.
The preceding experiments leave us no

room to doubt, that the purple tinge and the
fma 11 quantity of reduced gold, that appeared
in this experiment, depended on water at-

L 2 traCtecf
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trailed from the air, or deposited in the filk
by the alcohol during its evaporation.

Mr. Scheele reduced a foluticn of nitro-
muriate of gold in water by expofing it in a
phial for a fortnight to the rays of the fun *.

Mr. Lewis alio made many experiments
on the flaming of marble, and other fub-
flances with metallic folutions, and light -j~.

Exp. y. Silver.

A piece of filk, which was immerfed in a

folution of nitrate of filver in water, was
dried by a gentle heat, and expofed to the
light of the lun as much as pofiible in the
window of a chambre from the 20th of July
to the 20th of October.

In Ids than an hour the filk acquired a

reddifh brown colour : next day the colour
became more intenfe, and gradually increafed,

till, on the third day, it bordered on black,

which increafed flowly : at length part of it

became gray, and a few minute particles of
reduced filver could be diftinguifhed : the

black tinge gradually difappeared, and the

filk was of a reddifh brown colour : the re-

duced filver had a gray call.

The following experiments demonflrate,

that the changes of colour, and the few par-

ticles of femireduced filver depended on water

attracted from the atmofphere.

* Experiments on Air and Fire, Eng. Tranf. p. S2.
t Commerce of the Arts.

Exp,
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Exp. 8. Silver.

A bit of filk was immerfed in part of the

fame folution of nitrate of fiver in water,

and dried in the dark: the filk retained its

white colour : it was then fufpended over dry
carbonate of potafh in a cryftal phial, which
was corked, and fecured from the ingrefs of
moifture by covering the cork with wax.
The phial was left in a darkclofet 24 hours,

that the fait might imbibe as much moifture
as poftible from the filk, and air.

The phial was then placed in a window,
expofed, as much as poiiible, to the rays of
the fun, from the 24th of July to the 20th
of October : the filk icarcely buffered any vi-

fible change, except a very faint tinge of red-
difh brown; which was beft feen by tranfmitted
light ; for the filk viewed by reflected light
appeared nearly white : but that even this
tinge, flight as it was, depended on a minute
quantity of moifture, which the carbonate of
potafh was unable to extract, appears from
the next experiment.

Exp. 9. Silver.

A piece of filk was dipped in a folution of
fufed nitrate of filver in alcohol, and care-
fully dried : it was then fufpended over a
quantity of concentrated fulphuric acid in a
cryftal phial, which was coated with a double
fold of black paper, and gum arable, reach-

L 3 ing
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ing fomewhat above the level of the acid, to

prevent the light from aCting on it : the phial

was corked, and to exclude moiliure more
effectually, the cork was covered with wax.
The phial was now placed in a dark clofet

24 hours, that the humidity of the enclofed

filk and air might be attracted by the acid : it

was then placed in a window, expofed as

much as poffible to the rays of the fun, from
the 19th of July to the 26th of October : but

the filk underwent no vibble change what-
ever : its white colour remained pure, and
unaltered.

The filk, at the end of this period, was
taken out of the phial, and wetted with wa-
ter: a folution of phofphorus in ether was

then applied to it ; and inftantly the metallic

fplendour of the iilver appeared.

Another bit of filk, which was immerfed

in a folution of nitrate of Iilver in water, and

dried in the dark, was fufpended over dry

carbonate of potafh in a phial, and placed in a

dark clofet about two months : the filk un-

derwent no vilible alteration whatever ; its

white colour remained pure.

I was delirous of knowing, if the nitrate of

filver in this bit of filk buffered any change,

that might render it incapable of reduction :

I therefore took it out of the phial, and di-

vided it into two parts : one ot thefe was

wetted with water, and the filver was in-

ftantly reduced by a folution of pboi'phoru^

in ether. The other part, which was luf-
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pended in a window, expofed to the air of the
chamber, and rays of the fun, loon acquired

a reddilh brown colour.

Hence it is evident, that thefe changes of
colour indicate partial reductions of the me-
tal ; and that they never happen without the

prefence of water.

Exp. io. Silver.

A bit of filk, which was dipped in a fo-

lution of nitrate of filver in water, was placed
on a China faucer, expofed to the rays of the
fun, and kept moderately wet with water

:

in a few minutes the white colour of the filk

was changed to a reddilh brown, which by
degrees became darker

; and, in about three
or four hours, though the folar rays were
often languid, and intercepted, acquired a
blackifh gray colour, mod: of the reddilh
brown having difappeared : next day there
was no funfhine

; but towards the evening
particles of reduced filver were vifible on the
fide of the filk oppofed to the light.

Exp. i i. Silver.

A bit of filk, which was immerfed in a di-
lution of nitrate of filver in alcohol, and ex-
pofed to the beams of the fun, as in the pre-
ceding experiment, was kept moderately wet
with alcohol

; but refitted the attion of the
light much longer than the preceding : how-
ever, in fome time, lpecks, and lines, of a

L 4 reddilh
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reddifh brown, began to appear on fome parts
of ihe iilk . next day, though there was no
funfhine, the reddifh brown colour increafed
a little : on the third day, it became more in-
tend; but no black, or gray colour, or par-
ticle of reduced filver, could be obferved.
Whoever compares this with the preceding

experiments, can have no doubt that the
changes of colour, which appeared in this
expei iment, depended on water attracted from
the air, or depofited in the lilk by the alco-
hol during its evaporation.

The experiments detailed in this Chapter,
prove beyond the power of contradidion,

1. That water is effential to the redudion
of metals by light : for thefe experiments de-
monflrate, that the redudion .can not take
place without water, and that it is always* in

proportion to the quantity of that fluid pre-
fent.

2. That light does not reduce metals by
giving them phlogiflon, as Mefirs. Macquer
and Scheele luppoied

; for were this opinion
true, light fhould reduce them without the
aid of water, and as well with alcohol as with
water.

3. Tight does not reduce metals by fufing

and expelling their oxygen, as the antiphlo-

giff iairs imagine ; for were this its mode of

agency, the redudion fhould happen without
the abidance of! water, and as well with alco-

hol as with water. <• • •

4. Light is a combudible'body ; for it ads

like



Light. 153

like hydrogen, phofpborus, fulphur, and char-

coal, -in the reduction of metals.

Since water then is eftential to the reduc-

tion of metals by light, and fince light does

not reduce metals by giving them phlogifton,

nor by fufing, and expelling their oxygen, it

follows, that the water is either decompofed,
or that it unites with metallic earths, and
conflitutes their phlogifton, or that it unites

with, and feparates their oxygenous principle :

but as the two laft fuppofitions,are inadmif-

fibie, it is obvious that light reduces the me-
tals by decompofing water.

After explaining the manner in which other

combuftible bodies reduce the metals by de-

compofing water
; it will not be difficult to

explain how light too produces the fame ef-

fect.

But in order to facilitate the explanation,
it muft be premifed,

1. That it is a law of attraaion, that, when
any body is deprived, to a certain degree, of
another, for which it has a ftrong affinity,

the attraaion of the former for the latter is

much increafed.

2. That light has a ftrong attraaion for
oxygen, or the bafe of vital air..

3. That when oxygen is condenfed, and
fixed in any fubftance, it contains much lefs

hght, and caloric, than it does in the gazeous
ftate.

4. Tnat the oxygenous principle exifts in

water
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water in this condenfed ftate, and confe-
quently has a ftrong attraction for light.

Therefore, when light reduces the metals,
it attracts the oxygen of the water, while the
hydrogen of the latter unites, in its nafeent
ftate, to the oxygen of the metal, and re-
duces it, forming at the fame time a quan-
tity of water equal to that decompofed.

Hence it follows that the light is oxyge-
nated, and changed into vital air, while the
metal is reftored to its combuftible ftate,

i'

/

"f

CHAP-
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CHAPTER IX.

REDUCTION of METALS

BY

A C I D S.

It is well known that folutions of gold

throw up films of the reduced metal to the

furface of the fluid, and fldes of the phials

that contain them.

It has been fhown, chap. 7th, that this

effect depends on the prefence of water, which

is further illuftrated by the following expe-

riments.

Exp. 1. Silver.

A dram of faturated folution of nitrate of

fllver in diflilled water was mixed with half

an ounce of vinegar, in a few minutes, a pre-

cipitate was formed : the whole was then

poured on a filter, and wafhed with diflilled

water : the precipitate acquired a bluifh gray

metallic appearance : the liquor, which pafled

the filter, got a brown colour, and became
blackifh ; next day bright films of reduced
filver floated on the liquor ; and in fome
months after, a confiderable part of the inner

furface of the phial was coated with reduced

filver.
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filver. Diftilled vinegar did not produce this
effect.

Exp. 2. Plating.

If a folution of the ore of platina in nitro-

muriatic acid be evaporated to drynefs
; and

the fait diflolved in water, films of a livid

white metallic appearance are thrown up to

the furface.

Exp. 3. Tin.

Some tin, which was diffolved in a china

cup in muriatic acid, and evaporated to dry-

neis, was diffoived in diftilled water ; imme-
diately white metallic films appeared on the

furface of the liquor ; and after fome hours,

the whole furface of the folution was covered

with a continuous metallic pellicle, which
reflected all the colours of the rainbow, in a

beautiful manner.
‘ r

.
•

;
\

Exp. 4. Mercury

Mr. Bergman fays, “ calcined mercury is

c£ reduced by digeftion in acid of fait ; but

“ the caufe has not yet been lufficiently ex-

“ plored*.”

As this reduction of mercury by muriatic

acid is doubted of by fome ; I made the fol-

lowing experiment.

* Elcc. Attrac. Eng. Tran. p. 223.

A quail-

I
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A quantity of precipitate per fe was put

into a china cup, placed on hot fand, and fome
muriatic acid was poured on it: the oxid was
gradually diflolved, and the digefHon con-
tinued, till the acid was nearly evaporated :

-feme diftilled water was then poured on the
fait, and minute dims of a bright metallic

appearance floated on the furface.

A nitrate' of mercury was evaporated to

drynefs
; the fait acquired a slight tinge of

yellow
; the cup was removed from the hot

find, and fome water poured on the fait : im-
mediately bright films of reduced mercury
appeared; and in about three or four hours
the whole lurface of the dilution was covered
with a metallic pellicle, parts of which had
the colour and fplendour of the metal

; and
other parts refledted a wonderful variety of
the moll beautiful colours. -

Exp. 5. Arsenic.

A quantity of white oxid of arfenic and
muriatic acid was digefted in the fame man-,
ner in a china cup>; a fmart heat was conti-
nued, till moll of the acid evaporated, and
left behind a mafs of the confidence of tar :

the furface of which had a gray appearance
;

after it cooled, fome diftilled water was pour-
ed on, it diffufed a difagreeable fmell, and
hlms^of reduced arfenic were thrown up to
the .furface

; thefe were for fome- time re-
maikably bright, but foon became of a dull

gray



158 Reduffitofts by

gray colour, owing to the rapid tendency of
this metal to fpontaneous calcination.

Exp. 6. Manganese.

Some concentrated fulphuric acid was pour-

ed on a quantity of the black oxid of manga-
nefe in a china cup, placed on hot fand : an

effervefcence was vifible, but no fulphurous

acid gas was exhaled : the cup was removed

from the fand, before any perceptible quan-

tity of the acid evaporated : then fome water

was poured on the mixture : and inftantly

the furface of the fluid was covered with

very brilliant metallic films : and, at the fame

time, the folution acquired a rofe colour.

Some of die fame oxid of manganefe was

diflblved in nitric acid, in which a bit of

fugar was put : the folution Was poured into

a china cup, placed on hot fand, and, as the

evaporation proceeded, bright metallic films

appeared on the furface.

Mr. Bindheim of Mofcow relates, that he

reduced the aerated calx of manganefe dil-

folved in nitrous acid :
“ the folution was

“ placed upon an open fire in a glals re-

tort*.”

Happening to pour out a very largely di-

luted folution of lulphate of iron, I was fur-

prifed to find the flags of the court in an

hour or two after, covered with large films

* Grell's Chem. Jour. Vol. II. p. 48- Eng. Tranf.

of
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of a livid white metallic afpedl : thefe films,

after the water evaporated, remained on the

flags feveral days.

In confequence of this I poured a largely

diluted (olution of fulphate of iron into le-

veral (hallow veflels, and always found the

furfa'ce of the folution covered with abun-
dance of bright metallic films.

I alfo found that a largely diluted folution

of muriate of zinc throws up bright metallic

Aims to the fiirface.

The reduction of metals by acids is a very
convincing proof of the decompofltion of
water, and feems inexplicable on any other
principle.

The redu&ion and calcination of metals by
heat and ele&ricity are naturally explained on
the fame principle : Do&or Prieftley informs
us in his Hiftory of Ele&ricity, Vol. I. p. 344,
that S. Beccaria revived feveral of the metals
by the electric (hock. It is obvious that the
ele&ric fluid produces this effect in the fame
manner, that other combuftible bodies do,
viz. by decompofing water. When the red
oxid of mercury is reduced in clofe veflels
by heat ; the latter attrafts the oxygen of the
water, contained both in the oxid, and in the
air of the veflels, while the- hydrogen of the
watei unites to the oxygen ot the mercury

?
reduces it, and forms a quantity of water
equal to that decompofed.

It is found, that if light and caloric afl
both at the fame time, the reduction is effected

* with
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with more facility, than if either afted fepa-
rately : in this cafe, the fuperior efficacy of
the combined action of light, and caloric re-
fembles that of other compound reducers of
the metals ; as that of fulphurated hydrogen
gas, phofphorated hydrogen gas, alkaline
fulphure, &c. which are more powerful than
fimple hydrogen gas, fulphur, or phofphorus.

This fuperior efficacy of compound re-
ducers, is fimilar to what happens with fome
other combinations of combuftible bodies, as

pyrites, pyrophori, a mixture of lead’and tin,

&c. which have a more powerful attraflion

for oxygen, than any of their ingredients, in

a feparate ffate.

Other acids, as the gallic, the tartarous,

the formic, &c. and alfo alkalis, as ammonia,
and foda, have the power of reducing fome
of the metals, fadls well known to cbymiffs.

CHAP-
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• CHAPTER X.

OXYGENATION
or

COMBUSTIBLE BODIES.

It has been fhewn, in the preceding chap-

ters, that water is ellential to the reduction

of metals ; that it is always decompofed in

that procefs ; and that the reducing fubftances

are oxygenated by the oxygen of the water,

while the hydrogen of the latter reduces the

metals.

That water is alfo decompofed in every in-

llance of oxygenation, and that the oxygen
of water alone oxygenates combuftible bo-

dies, will appear from the following obler-

vations.

Azote.

The firjft cafe of oxygenation, we fhall

conlider, is that of azote, in an experiment
of Dr. Prieftley, which has been urged by
Mr. Kirwan with great fuccels againft the

Antiphlogiftians.

“If the eledlric fpark be taken in nitrous
“ ait, it will be reduced to \ of its bulk,
“ and the refiduum is mere phlogifticated

M “ air,
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.

“ air, and a little acid is depofited. Now
“ the Antiphlogiflians own that nitrous air

“ contains both pure air and phlogifticated

“ air ; fince, therefore, this pure air difap-
<c pears, is it not evident that it was con-
“ verted into water ? and fince the formation
“ of water requires the prefence of inflam-

“ mable air, does it not follow that the ni-

“ trous air contained this alfo * ?”

To this objection M. Berthollet replies,

that the diminution of the jiitrous gas “ is

tc owing to the combination of the mercury
“ with the oxygene, which exifted in the

“ gas t-

But this anfwer is infufficient ; as it does

not account for the water, and acid, that ap-

peared : and indeed, by this experiment, the

Antiphlogiftians are refuted on their own
principles, and the decompofition of water is

inconteftably proved ;
for as nitrous acid

could not be formed without more oxygen

than what exifted in the nitrous air, is it not

evident, that this oxygen muff be derived

from the water contained in the nitrous air ?

It is obvious then, that the water of the gas

was decompofed ;
which feems to have been

effected in the following manner.

The eleflric fpark diminifhes the attraction

of the constituent principles of the water for

each other ;
hence the azote of the gas unites

* EfTay on Phlogifton, new Ed. p. 82.

t Ibid. p. 122.

with
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with the oxygen of the water, while the hy-

drogen of the latter combines with the oxy-

gen of the gas ; and thus water and nitrous

acid are formed.

The formation of nitrous acid in Mr. Ca-

vendifh’s noted experiment, cannot be ex-

plained on any other principle than the de-

compolition of water: when the electric

fpark is taken in a mixture of azotic gas, and

vital air
;
the water of thefe airs is decom-

pofed : the eleCtric flame leflens the force,

with which the oxygen and hydrogen of the

water adhere ; hence the azote feizes the oxy-

gen of the water, and forms nitrous acid,

while the hydrogen of the water unites with
the oxygen of the vital air, and forms a quan-
tity of water equal to that decompofed.

When nitrous, and vital air, are mixed ;

the whole mafs “ hides, turns red, grows
warm, and contracts in bulk,” the azote of
the nitrous air attradls the oxygen of the

water, and forms nitrous acid, while the hy-
drogen of the water unites in its nafcent

date with the oxygen of the vital air, and
forms a quantity of water equal to that de-

compofed.

Hence while the azote of the nitrous air is

oxygenated
; and the caloric is reftored to its

combuftible date.

“ But it is to be obferved,” fays M. Berg-
man, treating of this experiment, “ that the
“ decompofltion of nitrous air is the effeCt

“ of a double attraction
; the phlogifton is

M 2 “ attracted
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“ attracted by the vital air, and the acid part
44 by the water. Therefore, when the mix-
44 ture is made in a phial immerfed in mer-
44 cury, the experiment fails

*.**

Hydrogen.

The combudion of hydrogen gas with vital

air is explicable only on the decompofition of

the water contained in thefe airs : thus when
flame, or a glowing body is applied to a mix-

ture of them ; the attraction of the principles

of the water for each other is diminilhed ;

therefore the hydrogen of the inflammable

air unites with the oxygen of the water,

while the hydrogen of the latter feizes the

oxygen of the vital air : thus the whole bulk

of the airs, which are changed into water,

difappears
;
and their light, and caloric, arc

reftored to the combudible date.

Hence it appears that water is not formed

during the combuflion of vital, and inflam-

mable air, in the manner the Antiphlogidians

fuppofe.

Indeed it is obvious, that, if thefe airs con-

tained no water, they could never be burned :

for flnce they are already faturated with light,

and caloric, they can have no attraction for

any additional quantity of thefe fluids ;
and

confequently can fufler no other change from

the light, or caloric, of a glowing body, than

a greater

* Elcc. Artr. Eng. Tranf. p. 211.
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a greater degree of expanfion, and therefore

could never unite.

The fame reafoning applies to the com-
buftion of all elaftic fluids.

Phosphorus.

Vital air always contains adarge proportion

of water : when phofphorus is burned in this

air, it attraffs the oxygen of the water, and
forms phofphoric acid, while the hydrogen
of the water unites with the oxygen of the

gas, and forms water, which unites with the
acid.

Hence the weight of the acid formed is

equal to the weights of the oxygen gas, and
phofphorus, confumed

; and the light and ca-

loric, which appear during the combuftion,
are reftored to their combuftible {fate.

This explanation is confirmed by an ob-
fervation of Mr. Bergman, who fays,

“ In vital air, without the aid of external
“ heat, phofphorus is confumed very (lowly,
“ and fcarce at all, unlefs water be pre-
“ fent

Therefore the phofphorus does not unite
to the oxygen of the vital air, as M. Lavoi-
fier fuppofes, but to the oxygen of the wa-
ter contained in the oxygen gas.

* El. Att. Eng. Tranf. p. 213.

M 3 Sul-
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Sulphur.

When fulphur is burned in vital air, ft

attracts the oxygen of the water, and forms

fulphuric acid, while the hydrogen of the

water attracts the oxygen of the gas, and

forms a quantity of water equal to that de-

compofed : the light and caloric are at the

fame time redored to their ccmbuftible date.

The l'ulphur then does not unite with the

oxygen of the vital air, as the Antiphlogif-

tians imagine, but with the oxygen of the

water contained in that gas.

I

Charcoal.

In like manner during the combuftion of

charcoal in vital air, the carbone attracts tjae

oxygen of the water, and forms carbonic

acid, while the hydrogen of the water unites

with the oxygen of the vital air, and forms

a new quantity of water equal to that de-

compofed.

Hence the carbone of the charcoal does

not unite with the oxygen of the vital air,

as M. Lavoifier fuppofes, but with the oxy-

gen of the water contained in that gas.

That water is decompofed in every in-

ftance of combuftion, is further proved by

attending to what pafi'es during the burning

of a common fire: the carbone of the fuel

combines with the oxygen of the water, and

forms carbonic acid, while the hydrogen of



Oxygenation. 1 6 j

the water unites partly with the oxygen, and

partly with the azote of the acmolphere, and

forms water, and the ammonia, which

abounds in foot.

From thefe obfervations it is evident, that

M. Lavoifler’s account of the formation of

water, and acids, is erroneous, and inade-

quate to explain the phenomena.

The different kinds of fermentation are fo

many inftances of the decompofition of wa-

ter : in every cafe of them, combuffible bo-

dies are oxygenated by the oxygen of the

water, while others are reffored by its hy-

drogen to their combuftible ft ate.

Hence the azote, ammonia, and carbonic

acid of fermentation, the inflammable. air of

marfhes, mines, &c. the azotic, and hydro-

gen gas, afcending into the atmofphere, and
there meeting the vital air difcharged from
the water of plants, &c. form new quantities

of air, and water.

When the azote is oxvgenated, it unites

with the oxygen of the water contained in

the air, and forms atmolpheric air, and iome-
times perhaps nitrous acid, the hydrogen of
the water combines, at the fame time, with
the oxygen of the vital air, and forms a quan-
tity of water equal to that decompofed.

But when the hydrogen is oxygenated, a

quantity of water double that decomposed is

regenerated
; for the hydrogen of the gas

unites with the oxygen of the.vyqfer, while
the hydrogen of the latter leizes the qxygen

M 4 of
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of the vital air : and thus a quantity of water
double that decompoled is formed, and that
part of it which the atmofphere cannot luf-

pend defcends in the form of rain.

When thefe decompof tions are rapid, the
phenomena of thunder and lightning appear.

This account of the renovation of our at-

mofphere explains why the phenomena of
thunder and lightning appear form-times with,
and fometimes without rain, and aifo accounts
for the production of the nitrous acid, which
Mr. Margraaf dilccvered in the pureft fnow.
The breathing of fifties is a ftriking proof

of the decompofition of water in respiration.

For this view of the formation of our at-

mofphere I am indebted to a friend well ac-

quainted with the experiments related in this

effay, and alfo for the application of the opi-

nion which I venture to advance, to the ref

-

piration of animals.

The phenomena of vegetation cannot be

explained on any other principle, than the

decompofition of water by hear, and light,

which uniting to the oxygen of the water

contained in vegetables change it into ftreams

of vital air, that lerve to renovate our at-

mofphere : the hydrogen of the water, at the

fame time, contributes to form the oil and

other principles of plants, and when thcie are

decompofed by the various procefles of com-
buftion, forms a quantity of water equal to

that conlumed in their formation.

The changes, which nitric acid fufters by

expofurc
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expofure to heat, or light, are explained with

eafe on this principle : the light unites with

the oxygen of the water contained in the ni-

tric acid, and forms vital air, while the hy-

drogen of the water combines with the oxy-

gen of the acid, and forms a new quantity of

water equal to that decompofed : thus the

nitric is converted into the ruddy nitrous acid.

Metals.

According to the Antiphlogiftians, “ In
6C every metallic l'olution by an acid, the

“ metal, in order to become oxided, decom-
ct pofes .either the acid itfelf, or the water ot

“ l'olution, or it obtains from the atmofphere
“ the requifite quantity of oxygene. In the

“ fecond cafe, hydrogenous gas, in a Hate

“ of greater or lei's purity is difengaged; and
“ the acid remains entire without decompo-
“ lition, which is proved by the quantity of
“ alkali necelfary to faturate it. In the firft

“ cale, one of the principles of the acid, or
“ the acid deprived of part of its oxygene,
“ is difengaged, and fufed in the caloric,

“ which is feparated at the fame time ; luch
“ are nitrous gas, and iulphurous acid gas.

“ In the third cafe, neither the water nor
“ the acid are changed

; fuch is the lolution
“ of copper by the acetous acid.

“ The muriatic acid, and the vegetable
“ acids, which are formed of radicals, or
“ acidinable principles, which have more

“ affinity
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affinity with oxygene, than the metals
“ have, are not decompofed by thefe metals,
“ and the oxygene is always afforded to thefe
“ laft by the water or atmofphere. Hence
* 4 the folutions by thefe acids afford only hy-
f 6 drogenous gas, or do not effervefe at all.

44 There are fome cafes in which the vva-
44 ter and the acid are at the fame time de-
44 compofed by the metal, as in the folution
44 of tin in the nitric acid, according to the
44 obfervation of M. De Morveau.”

44 Tin is fo greedy of oxygene, and requires
44 fo large a quantity for its laturation, that
44 after having abforbed that of the nitric
44 acid, and reduced it to the ftate of azote,
44

it decompofes likewife the water, and dif-

44 engages hydrogene. Thefe two principles

44 being feparated from their firff: compounds,
44 unite together, and immediately form am-
44 moniac. Hence there is no dilengagement
44 of elaffic fluid. In this cafe it appears,
44 that the formation of ammoniac, in the
44 folution of tin by the nitric acid, always
44 takes place; for by throwing quicklime,
44 or cauftic fixed alkali, into this folution,

44 there is alw^avs a difengagcment of ammo-
44 niac *

”

It is evident, then, that this account of the

oxygenation of metals, given by the Anti-

phlogiflians, is equally complex, as their ac-

* EfFay on Phlog. new Ed. by Mr. Kirwan, p. 233

—

235*

count
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count of metallic reduction, and improbable;

fince every cafe, in which they deny the de-

compolition of water, and derive the oxygen

from other fources, is eafily, and naturally

explained on that principle, as will appear

from what follows..

Thus when mercury, or filver, is diffolved

in nitric acid
;
the metal attra&s the oxygen

of the water, while the hydrogen of the lat-

ter unites with, and feparates, more or lefs

of the oxygen of the acid, which is thus

changed into nitrous air.

The fame thing happens during the folur

tion of other metals in this acid ; the only

difference being the greater or lefs energy,

and rapidity, whh which they combine with

the oxygen of the water.

This decompofition of water is confirmed

by the folution of tin in this acid ; in which
•the Antiphlogiftians allow the decompofition

of the acid, and the water too
; for ammonia

is formed by part of the hydrogen of the

water, and azote of the acid.

In every cafe of metallic fol.ution by ful-

phuric, and muriatic acids, whether concen-
trated, or diluted, water is decompofed : the

metals attracting the oxygen of the water,

while its hydrogen elcapes in the form of in-

flammable air, or unites partly with the oxy-
gen of the acid, and partly with caloric ;

hence the volatile fulphurpus acid, and mu-
riatic acid air, obtained, always contain fome

hydrogen
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hydrogen gas, as appears from the following
observation of M. Bergman.

By means of vitriolic acid, inflammable
“ air 1S obtained from zinc, and iron, as alfo

by means of marine acid
; but, from the

“ other metals diffolved in vitriolic acid, we
“ obtain another fpecies of air, called vitri-
“ olic acid air ; and, by the marine acid, an-
“ other fimilar to the former, called muriatic

air, but both more or lefs mixed with in-
“ flammable air

Again, when copper is diffolved’ in the
acetous acid

; the copper attradls the oxygen
of the water, while the hydrogen of the lat-

ter unites with the oxygen of the atmofphere,
and forms water : hence no effervefcence ap-
pears.

When alkalies diffolve metals, the latter

are always oxygenated at the expence of the
water, which holds the alkali in folution :

thus when lead, and copper, are diffolved
;

the metals combine with the oxygen of the
water, while its hydrogen unites to the oxy-
gen of the atmofphere, and forms water :

hence no hydrogen gas appears.

The oxygenation of metals, and other fub-

ftances by heat, and air, is eafily explained

on the fame principle : the metals, &c. unite

with the oxygen of the w'ater contained in

* Chem. EiT. Vol. II. p. 358. Eng. Tranf.

atmofpheric
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atmofjpheric air, while the hydrogen of the
water combines with the oxygen of the air,

and forms a quantity of water equal to that

decompofed.

This explanation is clearly proved by an
experiment of Mr. Bergman on the regulus
of manganefe, which, if kept in a dry place,

retains its metallic fplendour
; but, if expofed

to moifture, is foon oxygenated, andlol'es its

luftre *.

It is further confirmed by the authority of
the diftinguifhed Mr. Scheele, who fays, that
“ the water contained in common atmofphe*
“ ric air is the chief caufe of the ignition of
“ pyrophorus,” which he proved by the fol-
lowing experiment.

“ I made a very dry air by putting fome
“ very fmall pieces of quicklime into a fmall
“ matrals : then I put the neck of another
“ matrafs into that of the firft, lb that the
“ aif °f both might communicate; and I
“ luted the crevices with wax. Two days
“ afterwards I leparatcd the empty matrafs,

and poured half an ounce of pyrophorus
“ from my phial into it, and immediately
“ carefully flmt the aperture up : but I did

not obiei ve, that it grew in the leal! warm

:

an hour after this, 1 put a fponge moiftened
in water into the matrafs, and (hut it up
again . a few minutes after the pyropho-

Cliem E(T. Vol. II. p. 206—207. Eng. Trauf.

<( rus
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“ rns began ftrongly to be heated, and fome
“ pieces kindled lpontaneoufly f.”
Many other fatls might be adduced to

prove, that oxygenation cannot take place

without water, as the combuftion of mix-

tures of iron filings, fulphur and water, of

alkaline fulphure and water, &c. in which

the water is decompofed, and the combuftible

bodies oxygenated by its oxygen.

It is evident then from the experiments

and observations related in this effay, that

water is eflential to the oxygenation of com-

buftible bodies ; and that it is the only fource

of the oxygen that oxygenates them : it is

alfo evident, that when one body is oxyge-

nated, another, at leaf!:, is reftored to the

combuftible ftate : hence it appears that the

oxygenation of combuftible bodies is never

effected by a lingle affinity.

The Antiphlogiftians treating of the pre-

cipitation of metals by each other, fay,

“ Since the metals cannot remain united

“ to the acids, but in the ftate of oxides of

“ a determinate degree, it is eafily conceived,

“ that by plunging into a metallic lolution a

“ metal which has a ftronger affinity with

“ oxygene than that which is diffolved, the

“ former mufc deprive the latter of its oxy-

“ gene, take its place in the acid, and caufe

44 the lecond to fubiide in a form more or

* 4 lefs metallic, accordingly as it has deprived

r

Exper. on Air and Fire, Eng. i. ranf. p. 1 12, and 130.

4%
it



Oxygenation. r-75

it of more or lefs oxygene. This is the
il reafon of the precipiration of fiver by cop-
4£ per, copper by iron &c.

But this account of the precipitation of

metals by one another cannot be admitted

;

for it has been proved in every inftance of re-

duction related in this eflay, that water is

decompoled, arid that its hydrogen is the only
fubftance that reftores bodies to their com-
buftible ftate.

There is no reafon then to fuppofe that

nature deviates, in this particular cafe, from
that uniform fimplicity, which fhe condantly
obferves in all her operations.

Therefore it is obvious, that, when one
metal precipitates another in a form more or
lefs metallic

; the precipitant unites with the
oxygen of the water, while the hydrogen of
the latter combines with, and feparates, the
oxygen of the precipitated metal, and thus
reduces it.

The experiments made with phofphorus
and metallic folutions in ether, alcohol, and
water, prove the truth of this explanation ;

and fhow that when one metal precipitates
another in the metallic form, it ‘ads like a
Hick of phofphorus, decompofng the water.

This account of: the redudion of one me-
tal by another is lupported by the opinion of
Mr. Bergman, who fays,

* Eff. on Phlog, new Ed. by Mr. Kirwan, p. 3.36, and

“ It
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“ It is well known, that the calx of cop-
“ per, dilTolved in vitriolic acid, is precipi-
“ tated in its metallic form on the addition
“ of iron

;
and that by means of a double

“ elective attraction
; for the iron dilfolving

“ in the acid would form an inflammable air

“ by its phlogifton, were not the copper
“ prefent, which takes it up*.”
The fame author remarks, that a fmall ex-

cels of acid is neceflary, and that without it

no precipitation begins.

Now fmce water is decompofed by iron

and fulphuric acid, it mull be allowed,

that, when iron is immerfed in a folution of

fulphate of copper, the water is decompofed

by the iron and excefs of acid, the iron at-

tracting the oxygen of the water, while the

hydrogen of the latter, unites to the oxygen

of the copper, reduces it, and forms a quan-

tity of water equal to that decompofed.

The precipitation of filver in its metallic

form by iron and other metals is to be ex-

plained in the fame manner : and not by a

fingle affinity, as the Antiphlogiftians ima-

gine.

The redudion of gold, and fome other me-

, tals, by folutions of fulphate of iron, and

muriate of tin, is readily accounted for on the

principles advanced here
;

for freffi made fo-

lutions of fulphate of iron, and muriate of

tin, contain hydrogen, and have the power

* Chein. EfTays, Vol. II. p. 384, Eng. Tranf.

of
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of decomposing water : the oxygen of which
unites with the iron, and tin, while its hy-

drogen feizes the oxygen of the gold, &c.

reduces it, and forms a quantity of water

equal to that decoinpofed.

The decompolition of water is further

proved by the large dilution neceffary to form
the arbor Dianae, the purple precipitate of
Caffius, and other inftances of the reduction

of metals by one another.

N • CHAP-
1

(
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CHAPTER XI.

CONCLUSION.

I SHALL conclude with a general view of
the inferences, which I ventured to advance
in this eflay.

1. Neither the Phlogiflians, nor Anti-

phlogiftians, account in a iatisfa&ory man-
ner for the increafe of weight, which bodies

acquire during combuftion. .

2. Their account of the formation of wa-
ter, acids, and oxids, is erroneous ; for it has

been fhown that the oxygen of water alone

oxygenates combuffible bodies.

3. Combuftible bodies, as hydrogen, phof-

phorus, fulphur, charcoal, light, &c. are ca-

pable of reducing the metals in the ordinary

temperature of the atmolphere ; and indeed

I might add, at a much lower temperature,

as I frequently experienced.

4. Combuftible bodies do not reduce the

metals by giving them phlogifton, as the

Phlogiflians fuppofe ;
nor by uniting with,

and leparating their oxygen, as the Anti-

phlogiftians maintain.

5. Water is eflential both to the reduction

and oxygenation of bodies, and is always de-

, compofed in thefe operations.

6. Water
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6. Water does not contribute to metallic

reduction merely by diflplving and minutely

dividing the particles of metallic halts, and

thus removing the impediment oppofed to

chymical attraction by the attraction of co-

hefion : for were this the cafe, metallic fo-

lutions in ether and alcohol, in which that

impediment is equally removed, fhould be as

readily and effectually reduced, as metallic

folutions in water are.

This circumftance, in which all the exDe-
> k

riments on metallic reduction detailed in this

effay exaCtly coincide, merits particular at-

tention, and Chows that the*manner, in which
combuftible bodies effeCt the reduction, is the

fame in them all.

7. When one body is oxygenated, another,

at leaft, is reftored at the fame time to its

combuftible ftate
; and v. v. when one body

is reftored to its combuftible ftate, another at

leaft is at the fame time oxygenated.

8. Quantities of air, and water, equal to

thofe decompofed in the different fpecies of
combuftion, are conftantly a forming.
Thus nature, by maintaining this balance,

of power between combuftible and oxyge-
nated bodies, prevents the return of original
chaos.

Since then in every aCt of combuftion, one
body, at leaft, is oxygenated, and another
reftored, at the fame time, to its combuftible
ftate, the phenomena of combuftion may be
referred to two heads, viz.

N 2 Oxygena-
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,
or the union of oxygen with

combuftible bodies, and
Reduction, or the reftoration of oxygenated

bodies to their combuftible ftate.

And fince in every inftarice of combuftion
water is decompofed, and one body oxyge-
nated by the oxygen of the water, while an-
other is reftored to its combuftible ftate by
the hydrogen of the fame fluid, it follows,

i. That the hydrogen of water is the only
fubftance, that reftores bodies to their com-
buftible ftate.

2: That water is the only fource of the
oxygen, which oxygenates combuftible bo-
dies.

3. That no cafe of combuftion is effe&ed

by a Angle affinity.

This view of combuftion may ferve to

ffiow how nature is always the fame, and
maintains her equilibrium by preferving the

fame quantities of air and water on the fur-

face of our globe : for as faft as thefe, are

confumed in the various procefles of com-
buftion, equal quantities are formed, and

rife regenerated like the Phenix from her

affies.

Nomen-
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Nomenclature of the Chymical Terms
ufed in this EJfay.

.

NEW NAMES.

AMMONIA
Acetite of lead

copper

Azote -

Azotic gas

Alkaline fulphure

Alcohol

Carbone

Carbonic acid

Caloric

Hydrogen

Hydrogen gas

Hydrure of fulphur - -

phofphorus -

Muriate of tin

• - ——filver

—arfenic - -

zinc

—cobalt

Nitric acid -

Nitro-muriatic acid - -

Nitro-muriate of gold -

“ — — platina -

OLD NAMES.

CAUSTIC vol. alkali.

Sugar of lead.

Verdirgris.

Bafe of phlogifticated air.

Phlogifticated air.

Liver of fulphur.

Highly re£tified fpiritof wine.

Pure coal.

Fixed air.

Heat.

Bafe of inflammable air.

Inflammable air.

A compound of hydrogen and
fulphur.

A compound of hydrogen and

phofphorus.

Salt of Jupiter.

Luna cornea.

Arfenic combined with mu-
riatic acid.

Marine fait of zinc.

Marine falt'of cobalt.

Dephlogifticated nitrousacid.

Aqua regia.

A compound ofgold and aqua

regia.

A compound of platina and

aqua regia.

Nitrate
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NEW NAMES.

Nitrate of filver

of mercury - -

— of bifmuth - -

— of manganefe

Oxygen -

Oxygen gas

Oxygenated muriate of

mercury - -

Pruffiate of mercury

Phofphorated hydrogen gas

Potafh - - -

Sulphuric ether

Sulphureous acid gas

Sulphurated hydrogen gas

Sulphate of copper - -

zinc

-iron

—— manganefe -

Soda - - - -

Tartarite of antimony

OLD NAMES.

Lunar nitre, cryftals of the

moon.

Mercurial nitre.

Nitre of bifmuth.

Nitre of manganefe.

Bafe of vital air.

Vital air.

Corrofive fublimate.

A compound of mercury and

pruftic acid.

Phofphoric air.

Cauftic vegetable dikali.

Vitriolic ether.

Vol. fulphureous acid.

Hepatic acid.

Blue vitriol.

White ditto.

Green ditto.

Vitriol of manganefe.

Cauftic mineral alkali.

Emetic tartar.

/

FINIS.
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